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Chapter 1 
INTRODUCTION 


This book explains how an assembly language program | COMBINATORIAL 
within a microcomputer system can replace combinatorial | LOGIC 

logic — that is, the combined use of “‘off-the-shelf’’, non- 

programmable logic devices, such as standard 7400 series digital logic. 


If you are a logic designer, this book will teach you how to do your old job ina new 
way — by creating assembly language programs within a microcomputer system. 


If you are a programmer, this book will show you how programming has found a 
new purpose — in logic design. 


This is a ‘‘how to do it’’ book; as such, it has to become very specific, so a particu- 
lar type of microcomputer, the 8080A, is referenced directly. A number of com- 
panies build 8080A type microcomputers; specifically, these products are 
covered: 


AMD 9080A 
INTEL 8080A 
NEC 8080A 
TMS 8080A 
NS 8080A 


Companies manufacturing these microcomputers are 


INTEL CORPORATION 
3065 Bowers: Avenue 
Santa Clara, California 95051 
ADVANCED MICRO DEVICES 
901 Thompson. Place 
Sunnyvale, California 94086 
TEXAS.INSTRUMENTS, INC 
P.O. Box 1444 
Houston, Texas 77001 
NEC MICROCOMPUTERS, INC 
5 Militia. Drive 
Lexington, Massachusetts 02173 


NATIONAL SEMICONDUCTOR CORP. 
2900 Semiconductor Drive 
Santa Clara, California 95050 


WHAT THIS BOOK ASSUMES YOU KNOW 


This book is a sequel to ‘‘An Introduction To Microcomputers’’, which was a 
single volume jin its first edition, but is two volumes in its second edition. 


“‘An Introduction To Microcomputers’ describes microprocessors and microcom- 
puters conceptually; it does not address itself to the practical matter of imple- 
menting a concept. This book addresses the practical matter of implementation. 


In that this book is a sequel, it makes a single assumption — that you have read, 
or you otherwise understand the material covered in “‘An Introduction To 
Microcomputers’’. However, before launching into a real design project, you will 
need vendor literature that specifically describes the devices you have elected to 
use. 


Note in particular that hardware and timing are not described in this book, either 
for the 8080A/9080A CPU, or any other microcomputer devices; sufficient infor- 
mation may be found in ‘‘An Introduction To Microcomputers’’, Volume Ii — Some 
Real Products. 


The 8080A/9080A instruction set is described in Chapter 6 of this book, since 
programming is what this book is all about. 


UNDERSTANDING ASSEMBLY LANGUAGE 


Assembly language instructions are the transfer functions of a microcomputer 
system; taken together, they constitute an “‘instruction set’’, which describes 
the individual operations which the microcomputer can perform. 


You define the events which must occur within the microcomputer system 
serially — as a sequence of instructions, which, taken together, constitute an as- 
sembly language program. 


In reality, understanding what individual instructions do within. a microcomputer 
system is very straightforward; it is one of the simplest aspects of working with 
microcomputers. Yet it unduly terrifies users who are new to programming. If that 
includes you, a word of advice — forget about mnemonics and instruction sets; 
take instructions one at a time as you encounter them in this book. When you do 
not understand what an instruction is doing, look it up in Chapter 6. 


The specter of ‘‘programming’’ will haunt you only if you let it. 


HOW THIS BOOK HAS BEEN PRINTED 


Notice that text in this book has been printed in boldface type and lightface type 
This has been done to help you skip those parts of the book that cover subject 
matter with which you are familiar. You can be sure that lightface type only ex- 
pands on information presented in the previous boldface type. Therefore. only read 
boldface type until you reach a subject about which you want to know more. at which point start 
reading the lightface type 


Chapter 2 
ASSEMBLY LANGUAGE AND 
DIGITAL LOGIC 


THE DESIGN CYCLE 


Any product:that is to be built out of diserete digital: logic components will DIGITAL 
go. through a well defined design cycle LOGIC 


DESIGN 
CYCLE 


Let us assume that the product has been defined — from 
marketing management's point of view. 


You are presented with a product specification which identifies necessary 
product performance and characteristics; your job is to deliver.a viable design to rnanufacturing, 
The design cycle will proceed as follows: 


P 


system 


block dia 


logic 


logic 


Correct detailed logic 


diagram 


3uild pre-production pro 
Build pre; pro Rigorously test_prototy 


otypes 


Sell. limited quantities of Complete design of final 


product 
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There is an expensive and slow iterative loop in any digital logic design cycle: as |!- 
lustrated above, it consists of these steps: 

~ Redraw logic 

- Build a new breadboard 

- Test the breadboard for logic-errors, technician errors or faulty components 

This iterative loop makes combinatorial logic. design slow: and expensive'——not only during. the 


initial design phase, but even. moreso When: you subsequently decide: to’ modify. orenhance the 
product. 


What happens when you start using microcomputers? First | MICROCOMPUTER 
of all, a portion of your logic vanishes into a ‘‘black box’’ — | LOGIC DESIGN 
which is the microcomputer system: CYCLE 


erOGON’ 


Syster 


Your first step: 


Preparé-an overall 


system block diagram 


must now be broken out as follows: 


For microcomputer 
system, select 


Divide logic into 
microcomputer 


For.external.logic 
prepare, an 


devicerconfiguration system and ‘overall logic 


block diagram 


externa). logic 


Partitioning your application into a microcomputer system and external digital Jogic may look like-a 
difficult proposition — if you do not understand what:the microcomputer system.can: do. 


In fact, once you have a microcomputer in your product, economics overwhelmingly 
favor making the ‘‘black box’’ assume as many tasks as possible; you must justify 
the existence of every single external logic gate. 


Remember, memory comes:in-finite increments. In order to expand the logic implemented within 
the microcomputer:system, you-may.simply: have. to write additional instructiory sequences: that 
will reside: in memory which would otherwise be wasted; adding program memory. for.that mat 
ter, costs very little. 
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Also, compared to the cost of digital logic development, microcomputer logic development is 
quick and inexpensive. A typical microcomputer system development cycle may be il- 
lustrated as follows: 


Divide” logic into 
microcomputer system 


and-external. logic 


Prepare a flow chart for 


microcomputer program 


White 


using Editor 


Debiig source program 


Are problems severe? 
For pre-production - pro 


otypes, create 


in PROM 


integrate into external Mark corrections 


logic development cycle program flow. chart 
product volume. per- 

mits, PROM programs will 

finally become ROM J 


chips 
Edit corrections 


source program 
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There are Still iterative. loops in the microcomputer development cycle illustrated above, but com- 
pared to digital logic development, less time and expense is associated with microcomputer 
development cycle iterative loops 


Every microcomputer is supported by a development system. Characteristics and 
Operation of these development systems vary markedly from one company to the next, however 
they all have these capabilities: 


1). You can simulate the microcomputer system you have configured without necessarily 
creating a breadboard. 


2). You can execute a resident editor program to create your source | SOURCE 
program. Remember, a sequence of assembly language instructions | PROGRAM 


is referred to as a “Source Program’. 


8} You can assemble the source program right at the development | OBJECT 
system to create an object program. Remember, the source program {| PROGRAM 
becomes a sequence of binary digits, referred to as an object'pro 
gram, before it can be executed. 


4) You can conditionally execute the object program to make sure that it works. 


Using a typical microcomputer development system, you can go through several 
major development cycles in a single day, where each development cycle might 
have taken one or two weeks in a total digital logic implementation. Within a single 
development cycle you can make many program corrections; in less than a minute you can make 
a‘simple correction, equivalent to adding or removing a gate (or MSI function) from a digital logic 
breadboard. 


SIMULATING DIGITAL LOGIC 


OK, so logic must eventually be separated into a microcomputer system, and logic 
beyond the microcomputer system. 


We are going to have to address two aspects of this logic separation: 


1):-Based on the ability of assembly language to simulate digital logic, we must develop 
some simple criterion for estimating what a microcomputer system can do and 
what it cannot do. 


2) We must create a program to implement the logic functions which have been 
assigned to the microcomputer system. Unfortunately, there are innumerable ways of 
writing a microcomputer program. Once you have mastered the concept of using instructions 
to drive a microcomputer system, the next step is to learn how to write efficient 
programs. 


We will begin by describing simple digital logic simulation. This is a necessary begin- 
ning ‘because there are some fundamental conceptual differences between digital logic and 
microcomputer programming logic. - 


MICROCOMPUTER SIMULATION OF 
A SIGNAL INVERTER 


Suppose you want to invert.a single signal: 


1 0 
or or 
0 1 


A=A 
In the interests of developing good habits from the start, we will illustrate | FLOW 
the signal inverter with the following logic flow chart: CHART 


Input signal 


to be inverted 


Invert signal 


Output inverted 


signal 


Although you would never use a microcomputer simply to replace a signal inverter, :it-is. still 


worthwhile examining how it could be done. 
CPU 
REGISTERS 


A MICROCOMPUTER EVENT SEQUENCE 


Recall that 8080 type microcomputers have the following CPU 
registers: 


Primary Accumulator 

Secondary Accumulators/Data Counter 
Secondary Accumulators/Data Counter 
Secondary Actumulators/Data Counter 
Stack Pointer 


Program. Counter 


This single instruction: 
CMA :COMPLEMENT. ACCUMULATOR 


when converted into object code and executed, inverts all | BIT 
eight bits of the primary Accumulator. But that does not duplicate | DATA 
the inverter. First, one binary digit of the Accumulator must be selected to 

represent the signal being inverted. But which one? 


Having decided which binary digit, how does it reach the Accumulator in | DATA SOURCE 
the first place? And once inverted, how does the inverted bit become a AND 
signal again? DESTINATION 


If the CMA instruction object code must be executed in order to perform | PROGRAM 
the actual invertion, how and when does the object code reach the CPU? | TIMING 
Clearly execution of this instruction must be timed to occur after the bin 

ary digit to be inverted has reached the Accumulator. 
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Steps needed to implement an inverter using a microcomputer may be illustrated 
by expanding our flow chart as follows: 


Input 


Signal 


Convert, to 
binary digit 


Data/Signal 
Source 
Determinatior 
Load into 
Accumulator 
—— ee ee —— ee 
Load and. executes | ''ansfer 
CMA instiuctioty Function 
ee ies eee ee es — = ane ame oe ome 
Output from 
Accumulator 
Data/Signal 
Destination 


Determinatior 


Convert to 


logic signal 


Output 
Signal 


In the illustration above, pay most attention to the division of the problem into 
these three phases: 


1). Data/signal source determination. We identify the data which is to. be operated on. 
This data is transferred to a location out. of which it can be accessed by. the microcomputer 
Central.Processing Unit (CPU). 

2) Transfer: function execution. The actual operation which must be performed on the 
source data will be referred to as a ‘Transfer Function” 


3) Data/signal destination determination. The data or signals having been subject to the 
transfer function, must now be: transferred to some destination. 


We will now generate an instruction sequence to implement the three phases of 
the inverter simulation illustrated above. 


IMPLEMENTING THE TRANSFER FUNCTION 


The CMA instruction inverts every bit of the Accumulator. 
DATA 


The CMA instruction therefore does not specify which bit of 

the. Accumulator represents the signal to be inverted. This 

specification is implied by the way in which data is input to, and output from the 
microcomputer system. 


DETERMINING DATA SOURCES AND DESTINATIONS 


How will Accumulator data be input to, and output from the microcomputer 
system? In answering this question, we touch on one of the fundamental 
strengths (and complexities) of microcomputers — their flexibility. 
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EXTERNAL LOGIC 
AS THE SOURCE 
OR DESTINATION 


The input signaland the inverted output signal are just what their 
names imply — they are signals. But to the microcomputer system, 
they are “external logic’’s: Information transfers between external logic 
and the microcomputer system are referred to generically as In- 
put/Output (or 1/0). 


During any programmed |/O operation, recall that the microcomputer | INPUT/OUTPUT 


iS master and external logic is slave. This means that the microcom- 
puter must indicate the direction of the |/O operation (input or output), and must identify the ex- 
ternal logic being accessed 


External logic might decode a specific memory address as an enable 
strobe, so that I/O is handled as though it were a memory read or write. 
Suppose the label INVD is being used in the assembly 
language source program to identify the signal being inverted. 
This is the instruction sequence which will reproduce the sig- 
nal inverter: 


LDA INVD ;LOAD ACCUMULATOR FROM INVD 
CMA ;COMPLEMENT THE ACCUMULATOR 
STA INVD ‘STORE ACCUMULATOR CONTENTS AT INVD 


In terms of microcomputer devices, this is the microcomputer configuration im- 
plied: 


ROM 
or 
RAM 
MEMORY 


8228 SYSTEM 
CONTROLLER 


significant 
Data Bus 


Address 
decode 
logic 


Inverted Data in 
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When the LDA instruction is executed, ‘Address Decode Logic” causes “Select Logie” to 
transmit the “Data In” signal to the Data Bus. 


There are eight Data Bus lines; the number of the line to which the ‘‘Data In‘ sig- 
nal is connected becomes the significant bit number within the Accumulator. 
When the LDA instruction has completed execution, the contents of the Data Bus will be in the 
Accumulator. 


Next the CMA instructionis executed. This instruction causes every bit of the Ac- 
cumulator to be complemented. 


When the STA instruction is executed, the contents of the Accumulator are out- 
put to the Data Bus. ‘Address Decode Logic” then causes ‘Select Logic” to output the con- 
tents of a single Data Bus line — which becomes the inverted ‘Data Out” signal. 


Because the ‘’Select Logic’’ has ‘’Data In’’ and ‘‘Data Out’’ signals connected to 
the same line of the Data Bus, ‘Data Out’’ is the complement of ‘Data In’’; and 
the signal inverter has been simulated. 


ROM.or RAM memory must be present in the microcomputer system, because the 
object codes for the three instructions must be stored in, and fetched out of 
memory. 


Consider object code in detail. The three source program in- OBJECT CODE 
Structions become object code as follows: INTERPRETATION 
8228 output 


— 
MEMR on Control Bus. Address decade logic 


receives this signal 


Program. 
Memory 


LDA 
INVD. —+| 
CMA Complement Accumulator A 
8228 output MEMW on Contro! Bus. 
Address decode logic receives this signal 
INVD —>j 
sa—>___ 


16-bit address, represented by YYXX, output on Address Bus. Address 
Decode Logie decodes just one 16-bit combination as a ‘select true 


The program memory addresses of the bytes within which the object codes are stored are not 
important. However, no memory byte, ROM or RAM, can have the address represented by 
YYXxX, since external logic is selected by this address. 


Observe that the two bytes of the 16-bit address YYXX are reversed when stored in memory 
There is nothing very significant about this invertion, it is just the way 8080. devices were 


designed. 
V/O VIA 
/O PORTS 
In assembly language source program instructions, the label 


INVD will:-now identify an I/O port. This is the instruction sequence which 
reproduces the signal inverter: ¥ 


Now suppose that communication with external logic occurs 
via:an 1/O_peripheral interface device. 


IN INVD INPUT TO ACCUMULATOR FROM PORT INVD. 
CMA :;COMPLEMENT THE ACCUMULATOR 
OUT INVD ;OUTPUT ACCUMULATOR -TO PORT INVD 
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In terms of hardware, this is the microcomputer configuration implied: 


CLOCK 


be 


traced 8228 
SYSTEM 
CONTROLLER 


8080 


ROM 
or 
RAM 
MEMORY 


9080 


Data Bus (8) 


Control Bus (6) 


Address Bus (16) 


Data in 


Inverted Data out 


All we have done by adding the 8255 Programmable Peripheral Interface is pro- 
vide the ‘‘Address Decode” and “‘Select Logic’’ needed by the ‘‘Data In”’ and in- 
verted ‘‘Data Out’’ signals. Now the particular bit which is significant will be determined by 
the 8255 PPI pin to which the ‘‘Data'In” and inverted “Data Out’ signals.are connected. In’turn, 
these pins will be determined by the -mode_in which the 8255 PPI is used. 
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The fact that theré- are a number of options available to you when using the 8255 PPT is of no.im- 
mediate consequence, in that it will confuse your early understanding of what assembly Janguage 
programming.s all about. We will therefore ignore 8255 PPI mode control instructions and simply 
assume’ that the appropriate mode control has been selected. 


In this case the object code for the three instructions is in-- | OBJECT CODE 
terpreted as follows: INTERPRETATION 


Program 


8228 output 1/OR 
on Control Bus.. Address decade logic receives this signal. 


Memory 


IN 
INVD 1/O port number, output on lower 8 lines of Address Bus 
CMA Complement Accumulator A 
OUT 8228 output 1/OW on Control Bus. Address decode logic 


receives this signal 


Once again, addresses of the program memory bytes within Which the above object codes are 
stored will not be important. 


Observe that. we are complementing every bit of |/O port INVD, even 
though-only one bit corresponds to thé signal being inverted. PIN SELECT 
Suppose pin 4 alone must be inverted: 
7 65 4 3-2 1 0<€=Bit No. 
1/0 Port INVD 
signal 


to be 
inverted 


We: can use’a technique known as “masking” in order to invert a single | BIT 
1/0 part pin, leaving all other pins alone. In this instance, masking may be. | MASKING 
illustrated’ as follows: 


Use mask to 


Inve 
mt isolate bit 4 


baked id bd ba de bd 


xb Px PP] 


Use mask to 
isolate bits 
16.5. 3.20%, © 


In-the illustration above, X represents any binary digit; X represents its complement. 


The following instruction sequence will invert pin 4, leaving all other pins as they 
were: 


IN INVD INPUT TO ACCUMULATOR FROM 1|/O PORT INVD 
CMA :COMPLEMENT ACCUMULATOR 

ANI 10H ISOLATE BIT 4 

MOV BA ‘SAVE IN REGISTER B 
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IN 
ANI 
ORA 
OUT 


value: 


In terms of registers’ contents, this-is what happens when the above instruction sequence is ex- 


INVD INPUT TO ACCUMULATOR FROM 1/0 PORT INVD 


;CLEAR BIT 4 
:OR A AND'B 


INVD ‘OUTPUT ACCUMULATOR TO I/O PORT INVD 


H as. the last character in the operand field specifies a hex- 
adecimal, immediate data value. Thus EFH represents the binary 


1 A420 4 
—_—— 


—_—_— 


E F 


ecuted (again X represents any binary digit): 


IN 
CMA 


ANI 
MOV 
IN 
ANI 


ORA 
OUT 


INVD 


INVD 


EVENT. TIMING 


Within any digital logic implementation, events may be 
timed synchronously, based on a clock signal: 


CLOCK 


SIGNAL A 


SIGNAL B 


or asynchronously, based upon: an output signal from-one: device 
changing state: and thus triggering another device's state change: 


SIGNAL A 
SIGNAL B 


SIGNAL C 


1/0 Port Accumulator Register B 
XXXXXXXX ? 
XXXXXX XX PX XX KX XK XX ? 
XXXXXXXX KXXXXRKX ? 

+00010000 
XXX KK KNREX 000X0000 ¢ 
XXXXXXXX 000X0000—m000K0000 
XXX XXX X Ke KX XX KX XX 000X0000 
So el 
XXXXXXKXX XX XO XXX X 000X0000 
+000X0000 
XXXXXXXX XXXRKKKK 0000000 
XXX KXX X XK KK KX XXX 0000000 


SYNCHRONOUS 
LOGIC 


ASYNCHRONOUS 
LOGIC 


Simple gates, however, are continuous devices. Consider the following simple logic se- 
quence: 


A AND B 


ANAND B 


The signal inverter continuously inverts its input; a gate set- 
tling time of perhaps 10 nanoseconds is the only lag between 
input and output-signal state changes. 


Within a microcomputer system, however, three instructions 
must be executed before an output signal can reflect an input signal's state 
change. * 


In the unlikely event that the microcomputer system is emulating an inverter and 
doing nothing else, the inverter instruction sequence could be continuously re-ex- 
ecuted as follows: 


LOOP LDA INVD ‘LOAD ACCUMULATOR FROM INVD 
CMA ;COMPLEMENT THE ACCUMULATOR 
STA INVD ‘STORE ACCUMULATOR CONTENTS AT INVD 
JMP LOOP ;RE-EXECUTE THE SIGNAL INVERTER SEQUENCE 


Depending on the version of 8080-type microcomputer and the clock frequency, it will take ap- 
proximately 20 microseconds to execute the signal inverter instruction loop once: providing the 
period between input signal state changes is never-less than 20 microseconds, the microcom- 
puter implemented signal inverter will always work. But there may be a delay of up to 20 
microseconds between an input signal changing state and the output signal 
following suit. This may be illustrated as follows: 


0 20 40 60 80 100 120 140 


Signal In 
Signal Out 


=LDA instruction execution 


@ =CMaA instruction execution 
© =STA instruction execution 
@ =4MP instruction execution 


In the above illustration, the four instructions have been shown dividing twenty microseconds 
equally, so that each instruction is executed in five microseconds. In reality, this is not the case. 
Chapter 6 gives instruction execution times; you will see that the CMA instruction, for example, 
requires considerably less time to execute than any of the other three instructions. We will over- 
look this detail for the moment in order to concentrate on the concept at hand — which is that 
we must pay careful attention to event sequences within the microcomputer 
system. 


Irrespective of when and how “‘SignalIn” changes State, it is the state of “Signal In’ at 
time when the LDA instruction is executed) which is transported, as a binary digit, into: the 
microcomputer system. 


The actual binary digit inversion occurs at time). 


The inverted binary digit is converted into ‘Signal Out” at time@). when the STA instruction is 
executed. 


Thus, “Signal Out’ timing may differ considerably from ‘Signal In’’ timing. 


More serious problems arise when the signal inverter instruction sequence is just 
one small part of a larger microcomputer program. Under these circumstances. many 
milliseconds may elapse between repeated executions of the inverter instruction sequence. If you 
leave it to chance, signal inversions may be completely missed. At very best there may be con- 
siderable delays between the input signal changing state and the output signal following suit. 
This situation is illustrated as follows: 


Time interval between 
execution of inverter instruction sequence 
ce 


Signal In 
Signal Out 


Delayed response 


* Again O.©.@and@identity LDA. CMA, STA and JMP instructions’ execution, respectively. 


Having stressed the importance of timing in a microcomputer system, plus the consequences of 
poor timing, we will drop the subject for the moment. This is because timing problems 
largely evaporate when you simulate entire logic sequences as opposed to in- 
dividual devices. Therefore solutions to timing problems should be looked at in the context of 
an entire logic simulation; and we have not yet progressed that far. 


BUFFERS, AMPLIFIERS AND SIGNAL LOADS 


Having looked at timing, we will now turn to some other fundamental digital logic concepts. 


A signal buffer increases the signal current level: 


Buffer 


An amplifier driver increases the signal voltage level: AMPLIFIER 


Amplifier. driver 


Every device has a well defined fan out. Fan out defines the num- | FAN 
ber of parallel loads that may be connected to an output signal: OUT 


Logic devices will also have specified fan in, which indicates the number 
of parallel loads which may be connected to a device input: 


What happens to these concepts once your logic disappears into a microcomputer 
program? The answer is simple: these concepts disappear — along with digital 


logic. 
FAN OUT 
TTL LOADS 
SIGNAL 
BUFFERING 


Now at the actual pins of a physical microcomputer device, 
fan in and fan out remain legitimate concepts; signals travelling 
between pins of individual microcomputer devices may need to be 
amplified and buffered. For example, an 8080-type CPU device's fan out 
may be as little as one or two Transistor-Transistor Logic (TTL) loads; that 
means if more than one or two similar devices connect to an output sig- 


nal, the output signal will have insufficient power to transmit usable sig- 
nals to all connected devices. Therefore for all but the simplest microcomputer configurations, 
bus lines will have to be buffered. : 

When determining whether your bus lines need to be | LEAKAGE 
buffered, do not ignore leakage current. For example. if you have | CURRENT 
sixteen ROM devices connected to the system bus, and only one device 

can be selected (and therefore connected) at any time, do not assume that the total signal load is 
due to the selected ROM. The fifteen unselected ROM devices will each tap off some leakage 
current; that alone may require system bus buffering. 


Within a microcomputer program, however, when logic is totally represented by a 
microcomputer instruction sequence, you are dealing exclusively with binary 
digits — never with voltage or current levels. Fan in is infinite, since the status of 
a binary digit may be the result of any number of logical computations. Fan out is 
infinite, since you can read the status of a binary digit as often as you want. 
Buffers and amplifiers are meaningless, since a binary digit has no qualities 
equivalent to voltage or current. A binary digit offers pure, finite resolution. 
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Take another look at the signal inverter, as simulated by a microcomputer. 


We will take a giant conceptual step and assume that the signal inverter is buried 
within a logic sequence, such that no input or output signal is generated at any 
microcomputer device pin. In other words, the signal inverter becomes a small 
part of a larger transfer function. 


The input to the signal inverter is a binary digit created by some previous logic. 


The output from the signal inverter. is another binary digit which becomes input to subsequent 
logic. 


Logic external to the microcomputer system does not supply the in- COMPLEMENTING 
verter input as a signal arriving at a microcomputer device pin, nor | A BYTE OF 

does the inverted signal get transmitted to external logic via a | MEMORY 
microcomputer device pin. Rather, the interface between external 
logic and the microcomputer system occurs at some point significantly before and beyond the 
signal inverter. Our signal inverter may now be represented by these same three in- 
structions: 


LDA INVD ;LOAD ACCUMULATOR FROM INVD 
CMA :;COMPLEMENT 
STA INVD ‘STORE ACCUMULATOR CONTENTS AT INVD 


The source and destination become data memory bits; this may be illustrated as 
follows: 


8228 SYSTEM 
CONTROLLER 


significant 
Data Bus 


line 


Control Bus (6) 


aoe (menor | aie 


Address Bus (16) 
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In terms of memory.and:CPU register contents, the signal inverter sequence proceeds:as follows: 


© 


Arbitrary, 
0218 memory 
021¢ addresses 
0210 


O21E 
O21F 
0220, 


143C 
KKK 1 KKK 143D. 
Pie ok. 1498 


sore Arbitrary 


0218 memory 
021C addresses 


XX XX OOK) 143D. 


rs 
oo 
m 


021A Arbitrary 
021B memory 
021C addresses 
0210 

O21E 

021F 

0220 


143C 
1430 
143E 


With regard to the above illustration, the-letters A,B; C.D, E;.H and-L identifythe.seven CPU 
registers of 8080-type CPUs: PC represents the Program. Counter. SP represents the Stack 
Pointer. | represents the Instruction register. 


The-contents of datamemory byte 143D;,-and-the.A tegister are represented in binary-format. X 
represents any binary: digit. Note that we. have. arbitrarily selected ‘bit'3 to be-the. significant bit 


In step(). the LDA instruction is executed. This instruction causes the ‘contents of data memory 
byte 143D,, to be loaded into the Accumulator. 
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During step(2). the CMA instruction is executed. This causes the contents of the Accumulator to 
be complemented. 


During step). the contents of the Accumulator are loaded back into memory. byte: 143D,4,. 


Signal inversion has been simulated by inverting the contents of bit 3 (along with 
every other bit) of data memory byte 143D,,. 


Where does the inverter's input come from? A data memory bit. Letus | FAN IN 
suppose, to illustrate a point, that the inverter input is the OR | IN MICRO- 
of eight signals. We could not wire-OR these eight signals to create an | COMPUTER 
inverter input as follows: PROGRAMS 


But presuming the eight signals are represented by the eight binary digit contents 
of the Accumulator, we would have no trouble generating the inverter input via 
the following logic sequence: 


Determine 
contents. of 


Accumulator 


Load. binary 
00001000 into 


Accumulator 


The fan in-logic is implemented by this instruction sequence: 


:ASSUME THE EIGHT SIGNALS ARE IN-THE ACCUMULATOR, 
;EACH REPRESENTED BY ONE ACCUMULATOR BIT 


ANA A -AND ACCUMULATOR WITH ITSELF TO SET STATUS FLAGS 

JZ NEXT :ACCUMULATOR HOLDS 0. SIGNAL IN MUST BE 0 

MvVI A.8 :ACCUMULATOR HOLDS NONZERO. SIGNAL IN MUST BE 1 
NEXT STA INVD ‘SAVE INVERTER INPUT 


The above instruction sequence is a direct microcomputer program implementa- 
tion of the eight signal wire-OR. Let us examine how the instruction logic works. 


We are going to assume that the eight input signals are initially represented by the status of the 
eight Accumulator binary digits: 


7. 


Accumulator 


BSA WSO 


We-are further going to-assume that, in. keeping with the prior illustration; bit. 3 of the data byte 
will-ultimately- be: the significant inverter.signal. bit. 


Since the. inverter. input is the wire-OR.of eight signals, program logic: must set bit 3 of the Ac- 
cumulator to .1 if any Accumulator-bit is nonzero; bit 3-of the Accumulator must be set to 0 if all 
Accumulator bits:are zero. The contents of the Accumulator are then stored:in the data memory 
byte represented. by label INVD. With. regard to. the previous illustration, INVD would: be a_label 
representing. memory. byte 143D,¢. 

This is how’ the four-instruction sequence illustrated above works: 

We:-do not-know what:the Accumulator initially contains, so we must acini ATION 
determine its contents by setting CPU status flags appropriately. To do BY ANDING A 

this: we AND the. Accumulator contents with itself. ANDing the con- REGISTER WITH 
tents of the Accumulator with itself does notschange the contents.of ITSELF 

the Accumulator, but-status flags are set. We are-only. interested in 
the Zero status,.which willbe set to 1 if the AND of the Accumulator 
With itself generates a zero result; the Zero. status flag will be set to 0 otherwise. 


But the AND of the Accumulator with itself will-only be zero if the: Accumulator contains. zero: 


00000000 


00000000 
00000000 


Thus after execution of the ANA instruction, if the Zero status is.1, then bit 3 of the Accumulator 
must already be 0, which is.what we want it to be. No operation is requiredsand we jump*to the 
STA instruction. 


{the Zero bit was 0; then one or.more bits of the Accumulator are nonzero. The MVhinstruction 
loads a 1 into. bit 3 of the Accumulator: 


765432 1 0—<——Bit.No. | 
I 
OOF Of Of 110 [0] o}-<«—--.. 00001000 


Finally the STA instruction is executed to load the inverter input signal into the appropriate data 
memory byte: 


Now suppose the inverter output is distributed to numerous subsequent devices. 


a asd ado ee 


The following logic represents fan out that is not feasible: 
Within a microcomputer program, the whole concept of fan | FAN OUT 


out disappears. The inverter output may be accessed an in-. | IN MICRO- 
definite number of times by the simple re-execution of anLDA |COMPUTER 


instruction: PROGRAMS 

LDA INVD -LOAD INVERTER OUTPUT INTO AC- 
CUMULATOR 

LDA INVD ‘LOAD INVERTER OUTPUT INTO AC- 
CUMULATOR 

LDA INVD :LOAD INVERTER OUTPUT INTO AC 
CUMULATOR 

LDA INVD ;LOAD INVERTER OUTPUT INTO AC- 
CUMULATOR 

LDA INVD ;LOAD INVERTER OUTPUT INTO AC- 
CUMULATOR 


What about amplifiers and buffers? Clearly within the context of binary data 
stored in memory, they have no meaning. If amplifiers and buffers are present because of 
the electrical characteristics of the memory and processor chips, that has nothing to do with the 
logic function being implemented by a microcomputer program 


MICROCOMPUTER SIMULATION OF 
7404/05/06/07 HEX INVERTERS 


These four hex inverters differ only in their electrical characteristics: 


The 7404 is a simple hex inverter. 

The 7405 is a hex inverter with open collector outputs. 

The 7406 is a hex inverter buffer/driver with open collector, high voltage out- 
puts. 


Since these three devices differ only in their electrical characteristics, within a 
microcomputer assembly language simulation they are identical. Let us look at the 


7404. |t consists of six independent signal inverters, which: may be’ illustrated as follows: 


Voc; 6A BY 5A 5 


gz 
> 
> 
> 
x 


1A AY. 2A 2Y° 3A 3Y. GND 


The instruction sequence to represent a hex inverter is identical to the three-in- 
struction, single signal inverter instruction sequence, because 8080-type 
microcomputers are eight-bit parallel devices. Whether you like it or not, this inverter in- 
Struction sequence inverts eight independent binary digits. Hex inverters may therefore be repre- 
sented within a microcomputer instruction sequence as follows: 


LDA INVD ;LOAD ACCUMULATOR FROM INVD 
CMA ;COMPLEMENT 
STA INVD ‘STORE ACCUMULATOR CONTENTS TO INVD 


We will arbitrarily identify significant bits, as implied by the hex inverter, as follows: 
765432 10 <@—Bit No. 


AAA AAA, 


Note that the above selection of significant bits is completely arbitrary: There is absolutely no 
practical or philosophical argument favoring any one bit assignment as compared to’any other. 


MICROCOMPUTER SIMULATION. OF 
7408/09 QUADRUPLE TWO-INPUT POSITIVE 
AND GATES 


These two devices provide four independent, two-input, one output AND gates, 
which may be illustrated as follows: 


Vec 48 4A 4Y 38-3A 3Y 


1A 1B 1Y¥- 2A 2B 2¥.° GND 
Y=A-+B 


The 7409 has open collector outputs; which differentiates it from the 7408. This. difference has 
no meaning in.a microcomputer program simulation, therefore the two devices can be looked Gn 
as being identical. 
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TWO INPUT FUNCTIONS 


From the microcomputer programmer's point of view, the most significant 
difference between a 7408 AND gate and a 7404 inverter is not the logic func- 
tion; rather it is the fact that a 7408 is a two-input device. Conceptually, we might im- 
agine a 7404 being simulated in one of the two following ways: 


1) The eight input signals are loaded into the CPU Accumulator register. Each even-numbered 
bit is ANDed with the bit to its right. The result is deposited in the even-numbered bit for 
each bit pair: 


7.6 5 4 3 2:1 0 €Bit No. 


v 


2) The two sets of four inputs are loaded into the CPU Accumulator and one other register. The 
result is returned in the Accumulator: 


7 6 5 4 3. 2 1 +O Bit No 
Accumulator 


Att ttt Another register 


7 6 5 4 3 2 1 Ove Bit No. 


Upon examining the 8080 microcomputer instruction set, you will find that the 
second method of simulating a 7408 is the natural one. This is the required in- 
struction sequence: 


LDA SRCA ‘LOAD FIRST SET OF INPUTS. FROM SRCA 
MOV BA ‘SAVE IN THE B REGISTER 

LDA SRCB ;LOAD SECOND SET OF INPUTS, FROM SRCB 
ANA B ‘AND B WITH A 

STA DST ‘SAVE RESULT IN DST 


If the use of labels SRCA, SRCB and DST still confuse you, let | SOURCE 

us take a minute to clarify them. Eventually you will have some | PROGRAM 
amount of memory which may vary from as little as 256 bytes to as much LABEL 

as 65,536 bytes. Each of the labels SRCA, SRCB and DST identify one ASSIGNMENTS 
memory byte. At the time you are writing the source program, the exact 
memory byte identified by each label is unimportant. When you eventually assemble your source 
program, the assembler listing will print a memory map. The memory map will identify the exact 
memory byte associated with each label you have used. By examining the memory map, you will 
be able to determine whether or not all label assignments are valid. If any label assignments are 
invalid, you will have to take appropriate action. Appropriate action may involve adding more 
memory to your microcomputer configuration, or you may have to rewrite your source program, 
so that it makes more effective use of the memory you have. 


The problem of labels and memory allocations is irrelevant at the present level of discussion. 
Simply imagine every label as addressing one specific memory byte. Do not worry about which 
memory byte will eventually be addressed and your problem will disappear. 


The 7408 simulation instruction sequence illustrated above by no means repre- 
sents the only way in which a 7408 may be simulated. 
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First consider some minor variations. CPU registers C, D, E, H or L could be used instead of 
Register B to hold the second data input. Here is one example: 


LDA SRCA ‘LOAD FIRST SET OF INPUTS, FROM SRCA 
MOV CA SAVE IN THE C REGISTER 

LDA SRCB ;LOAD SECOND SET OF INPUTS, FROM SRCB 
ANA c ‘AND C WITH A 

STA DST ‘SAVE RESULT IN DST 


Using registers H or L to hold the second input is not en- | USING 
couraged. The primary use for these two registers is to hold a | IMPLIED 
data memory address. For example, the LDA and STA instructions | MEMORY 


could be replaced as follows: ADDRESSING 
LX! H.SCRA — ;LOAD ADDRESS FOR FIRST SET OF INPUTS INTO H,L 
MOV A.M ‘LOAD FIRST SET OF INPUTS INTO A 
LXI H,SCRB ‘LOAD ADDRESS OF SECOND SET OF INPUTS INTO H,L 
ANA M :;AND SECOND SET OF INPUTS WITH A 
LXI H,DST ‘LOAD ADDRESS OF DESTINATION INTO H.L 
MOV M.A ‘STORE RESULT IN DST 


THE MICROCOMPUTER SIMULATION OF A 
7411 TRIPLE, THREE-INPUT, POSITIVE AND GATE 


The principle difference between the 7411 AND gate and the 7408 AND gate is 
the number of input signals. The 7411 generates three output signals, each of 
which is the AND for three inputs: 


Vee: 16) 1¥ SC SB -3A.73Y. 


1A 1B 2A 2B 2C 2Y GND 
Yur AvetoiG 


THREE INPUT FUNCTIONS 


Again we are faced with choices. We may load the three sets of inputs into three 
CPU registers (the Accumulator and two other registers), then perform two ANDs 
before restoring the result: 


ONE LDA SRCA ;LOAD FIRST SET OF INPUTS, FROM SCRA 
TWO MOV BA ‘SAVE IN B REGISTER 

THRE LDA SRCB ;LOAD SECOND SET OF INPUTS, FROM SCRB 
FOUR MOV CA ‘SAVE IN C REGISTER 

FIVE LDA SRCC ‘LOAD THIRD SET OF INPUTS, FROM SCRC 
SIX ANA B ‘AND B WITH A 

SEVN ANA ¢c “AND C WITH A 

EIGT STA DST ‘SAVE THE RESULT IN DST 


The instructions in the above sequence have been given labels so as to make the description 
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which follows easier to understand. The instructions do not need labels in order to satisfy the 
needs of an assembly language source program. 


When instruction ONE executes, an 8-bit value is loaded into the Accumulator from the memory 
byte addressed by label SCRA. We will assume that AND gate inputs are represented as follows: 


765 4 3 2 1 O—&=Bit No. 


AND gate 1 
AND gate 2 
AND: gate 3 
Ignored 


Understand that the assignment of data bits illustrated above is completely arbitrary. It is only 
necessary that all subsequent inputs be consistent. 


After instruction ONE has executed, the first set of inputs is in the Accumulator. The Accumulator 
is the only CPU register into which data may be loaded if you use direct addressing. The first set 
of inputs must therefore be saved in another register, so that the Accumulator is free for a second 
set of inputs to be loaded. Instruction TWO moves the contents of the Accumulator to the B 
register. 


Instructions THRE and FOUR load the second set of inputs into the Accumulator, then move it to 
the C register. We assume that bit assignments of this second set of inputs are identical to the bit 
assignments illustrated above for the first input. 


The third and last set of inputs is loaded into the Accumulator by instruction FIVE. 


The ANA instruction ANDs the contents of the CPU register with the contents of the Accumula- 
tor, leaving the result in the Accumulator. Instruction SIX performs the first AND as follows: 


0 |~€—Bit No. 
Accumulator 


7-6 BA BOL 4 


B Register 
7 6 5 4 3;2 1 Ol€—Bit No. 


a ye 
These bits j These bitsa 
ignored : significant; 

| 


Instruction SEVN performs the second AND operation. This time the AND occurs between the 
Accumulator and Register C. The Accumulator initially holds the result of the AND with B, illustr- 
ated above. After instruction SEVN has executed, the AND of three inputs is in the Accumulator. 


Instruction EIGT returns the final result to a memory byte addressed by the label DST. The 7411 
AND gate simulation is complete. 


Now consider an alternative simulation of the 7411 AND gates. We may load the first 
input into the Accumulator and the second input into another register: After ANDing these two 
inputs, we may load the third input into the same. “other” register, AND it with the result of the 
first AND, then return the result: i 


ONE LDA SRCA ;LOAD FIRST SET OF INPUTS, FROM: SCRA 
TWO MOV BA ‘SAVE IN B REGISTER 

THRE LDA SRCB ;LOAD SECOND SET OF INPUTS, FROM SCRB 
FOUR ANA B sAND B WITH A. THE RESULT IS IN A 

FIVE MOV BA TSAVE THE RESULT IN B 

SIX LDA SRCC ‘LOAD THIRD SET OF INPUTS, FROM SCRC 
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SEVN ANA B ‘AND B WITH A 
EIGT STA DST ‘SAVE THE RESULT IN DST 


Let us compare this second simulation of the 7411 AND gate with the first simulation. Instruc- 
tions ONE, TWO and THREE are identical to the first simulation. After these three instructions 
have executed, one set of inputs is in Register B and a second set of inputs is in the Accumulator. 
This is the situation: 

Inputs A are in the Accumulator 

Inputs B are in Register B 
Now instead of bringing the third set of inputs immediately into a CPU register, we execute in- 
struction FOUR, which generates the AND of the first two inputs. Since this AND is generated in 
the Accumulator, we save the result in Register B by executing instruction FIVE. This is the net 
effect: 

A +B in Register B 


Now instruction SIX loads the third set of inputs into the Accumulator. Instruction SEVN. ANDs the 
third set of inputs with the result of the first AND as follows: 


Initial Final 
7 °@ 5. 4° 3-2. 1-0 <€~Bit\No: Contents Contents 
Accumulator Cc A+B«C 
. . 
Register B A+B A+B 


7 6 & 4 3 2 1 O <&BitNo. 


Instruction EIGT saves the result from the Accumulator in the memory byte addressed by label 
DST. 


MINIMIZING CPU REGISTER ACCESSES 


Which is the “‘better’’ 7411 AND. gates’ simulation? Clearly the second option. 
There is a nonobvious problem associated with the indiscriminate use of CPU registers. We have 
arbitrarily decided that Register B will hold a second input. So long as we are simulating 7411 
AND gates, without regard: to what precedes or follows, the selection of Register B is arbitrary; its 
selection carries no rewards or consequences. 


Invariably, an instruction sequence such as the-7411 AND gates’ simula- | CONFLICTS 
tion is just a small part of a larger whole. Now we must worry about | IN CPU 
whether using Register B to house the second input will interfere with | REGISTER 
prior or subsequent use of Register B. A very common programming error {| UTILIZATION 
involves CPU register utilization conflicts. For example, what if some prior 
logic step uses Register B to hold an intermediate data value? Now the 7411 simulation will wipe 
out the data which was being temporarily stored in this register. 


In order to reduce CPU register conflicts, it is always preferable to choose an in- 
struction sequence that uses as few CPU registers as possible, providing there is 
no significant penalty. In this case there is no significant penalty. It takes no more 
instructions to simulate-7411 AND gates using CPU Register B only, than it does 
using CPU registers B and C. Using CPU Register B only is therefore the better 
method. 
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Now let us consider a 7411 AND gates’ simulation using im- 
plied addressing. Assume that the three inputs to the AND gates are {ADDRESSING 
stored‘in sequential bytes of data memory and the destination follows the 

last source byte, as follows: 


DATA 
MEMORY 
SRCA 
SRCB 
SRCC 
OST 


Now using implied addressing, we have the following instruction sequence: 


ONE LXI H.SRCA _ ;LOAD. THE FIRST SOURCE ADDRESS INTO HL 

TWO MOV AM ;LOAD THE FIRST SOURCE INTO THE ACCUMULATOR 
THRE INX H ‘-INCREMENT.-THE IMPLIED ADDRESS 

FOUR ANA M “AND. ACCUMULATOR WITH SECOND SOURCE 

FIVE INX H INCREMENT THE IMPLIED. ADDRESS 

SIx ANA M ‘AND. ACCUMULATOR WITH THIRD SOURCE 

SEVN INX H INCREMENT THE.IMPLIED ADDRESS 

EIGT MOV M.A ‘SAVE THE RESULT 


This is how the instruction sequence will be executed: 
Instruction ONE loads the address’ of the first source. byte into the H and L registers. 


Instruction TWO moves the contents of the memory byte addressed by H and L into the Ac- 
cumulator. 


Instruction. THRE increments the 16-bit:address in the Hand L registers, which now addresses 
SRCB. 


Instruction FOUR ANDs the contents of the Accumulator with the second source, as addressed 


by the H and L registers. The result is saved in the Accumulator. This may be, illustrated as 
follows: 


DATA 
Instruction MEMORY 
Two 
Accumulator SRCA 
SRCB 
SRCC 
OST 


Instruction 
FOUR 


Instructions FIVE and SIX increment the implied address and repeat the AND operation. this time 
ANDing the. third input with the AND of the first two inputs. This may be illustrated as follows: 


DATA 
MEMORY 
Accumulator SRCA 
SRCB 
SRCC 
A-B*C DST 


Instruction 
Six 
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The address in H and L is incremented again so that it now points to DST. Instruction EIGT saves 
the result.in the destination as follows: 


DATA 
MEMORY 
Accumulator SRCA 
SRCB 
SRCC 
OST 


Instruction 
EIGT 


COMPARING MEMORY UTILIZATION AND EXECUTION SPEED 
We now have these three programs, all of which simulate 7411 AND gates: 


Program 1 uses direct addressing and three CPU registers. 

Program 2 uses direct addressing and two CPU registers. 

Program 3 uses implied addressing. 

Let us compare the number of object program bytes required to store each pro- 
gram, and the number of CPU cloc’ cycles required to execute each program. The 
results are summarized in Table <-1. Table 2-1 includes the instruction mnemonics for 
each program to help you follow how total object program bytes and execution cycles have been 
computed. See Chapter 6 for the data you need in order to verify Table 2-1. 


PROGRAM 1 PROGRAM 2 PROGRAM 3 


MNEMONIC BYTES CYCLES § MNEMONIC BYTES CYCLES | MNEMONIC BYTES CYCLES 


' Register-register version of instruction 
2 Register-memory version of instruction 


Table 2-1. Comparing Memory Utilization And Program Execution 
Speed For 7411 AND Gates’ Simulation 


Programs 1 and 2 have identical memory utilization and execution }DIRECT 
speeds — which is not surprising, since they vary the sequence in which VERSUS 

the same instructions are executed. Program 3 adopts a completely | IMPLIED 
different philosophy towards the 7411 AND gates’ simulation {ADDRESSING 
by using implied memory addressing, rather than direct memo- 
ry addressing. The result is dramatic. Six bytes of memory are saved and the pro- 
gram executes in 76% of the time. But Program 3 places an additional restriction on the 
simulation: the three data sources and the destination must occupy four contiguous bytes of 
data memory. 


How are we going to rank the three simulation options? 


We have already concluded that. Program 2 beats Program: 1, 
because Program T makes gratuitous use. of an extra CPU 
register. Program 3 is clearly better than Program 2, providing 
the restriction on data source and destination locations is tolerable. 


Regarding Program 3's superiority over Program 2, it is worth noting again, as was 
stressed in ‘‘An Introduction To Microcomputers’’, that the indiscriminate use of 
direct addressing in microcomputer applications can be costly. Implied memory 
addressing may appear primitive to a programmer with minicomputer. or large 
computer background, but it is economical. 


THE MICROCOMPUTER SIMULATION OF A 
7474 DUAL, D-TYPE, POSITIVE EDGE TRIGGERED 
FLIP-FLOP WITH PRESET AND CLEAR 


Before looking at the 7474 flip-flop in particular, let us consider flip-flops in 
general. First a few definitions. 


A DIGITAL LOGIC DESCRIPTION OF FLIP-FLOPS 


A flip-flop is a bistable logic device, that is, a device which may exist in one of two stable 
conditions. 7474 type flip-flops havetwo outputs, QO and Q; thus the two bistable conditions may 
be represented as follows 


1orO 


Oor1 


A clock signal causes the flip-flop to change from one bistable condition | POSITIVE 
to the other. A positive edge triggered flip-flop changes upon sensing a_ | EDGE 
zero-to-one transition of the clock signal: TRIGGER 


A negative edge triggered flip-flop changes state upon sensing a one-to- 
zero clock signal transition: 


TRIGGER 


Gisteaceaale = Bectanpscclauaty 
ee ge heat 
——S 


A JK flip-flop preconditions the Q and outputs which will be generated JK 
by the next clock edge trigger as follows: FLI 


Status of J and Outputs generated 
K at clock signal at clock signal 


0) 
] 
0 
] 


FLOP 


Stay as you were 
Change state 
regardless of 
previous State. 


In the above table, “clock signal’ will be a zero-to-one transition fora }| CLOCK 
positive edge triggered device; it will be a one-to-zero transition fora | SIGNAL 
negative edge triggered device. This definition of “clock signal’’ also ap- 

plies to the D type flip-flop described next 


By inverting a J input in order to generate the K input. a D type flip-flop is | D TYPE 
created. These are the D type flip-flop characteristics that result: FLIP-FLOP 
Status of J and Outputs generated 
K at clock signal at clock signal 
pap kat] a fo 
] 0 1 (0) 
0 ] 0 1 


Here is a positive edge triggered, D-type flip-flop timing diagram: 


CLOCK 


Q 


A D-type flip-flop therefore will always output the input conditions that existed at the previous 
clock pulse. 
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The presence of a Preset input means that the flip-flop may be forced to FLIP-FLOP 
output O = 1 and Q = 0. Preset true forces this condition. PRESET 


A Clear input is the opposite of a Preset input. When true, the Clear input 
forces Q =O and 0 = 1. 


Combining the definitions given above, this is what we get for a 7474 
type flip-flop: 


FUNCTION TABLE 


1PR or 1CLR or 1CK or 1D or 10 or 16 or 
2PR 2CLR 2cK 2D 2a 26 


1 1D 1CK 1Pk 1a 10 GND 


In the function table above, | represents a clock zero-to-one transition. H* signifies an unstable 
state. Qy is the previous state for Q. X signifies “Don’t care”’. 


AN ASSEMBLY LANGUAGE SIMULATION OF FLIP-FLOPS 


Now our first problem, when trying to simulate a 7474 flip-flop, is the fact that 
there is no clock signal within a microcomputer instruction set. Instead we must 
assume that events are triggered by execution of an appropriate instruction, 
rather than a clock signal transition. 


How will we represent outputs Q and GQ? Two bits of memory could be used to 
represent these two outputs: 


765432 1 0 «Bit No. 


Represent Q 
Represent (o) 


Since we are dealing with data, not signals, @ is redundant. The single flip-flop 
therefore devolves to one memory bit. A 7474 device, since it contains two flip-flops, 
devolves to two memory bits, one for each flip-flop implemented on the chip. 
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There is nothing surprising about this conclusion. Each bit of a microcomputer's read/write 
memory is a simple, bistable element: it could, indeed, be a flip-flop. 


The logic of a 7474 flip-flop may be represented by instructions that clear a 
memory bit, set the memory bit to 1, or store an unknown binary digit in the 
memory bit. 


Suppose memory bits are assigned as follows: 


765 43 2 1 0<€=Bit No. 


First flip-flop 
Second flip-flop 
Unused 


The 7474 function table now becomes these instructions: 


cae First flip- me Second flip-flop 


ah MVI 1” ) MV! 2 

or STA FLP STA FLP 
} MVI 0 } MVI O 

or STA FLP STA FLP 


Does not apply 


With regard to the table above, the MVI instruction acts on the Accumulator contents as follows: 
MVI DATA 


Accumulator 


Any 8-bit 
data value 
The STA instruction stores the resulting Accumulator contents in a memory word identified by 


the label FLP. Bits O and 1 of the memory word identified by FLP are presumed equivalent to the 
2 flip-flops of the 7474 device. 


MICROCOMPUTER SIMULATION OF FLIP-FLOPS 
IN GENERAL 


In conclusion, a flip-flop becomes a single bit of read-write memory within a 
microcomputer system. 


Within a microcomputer system, all flip-flops are the same. Flip-flop logic reduces to these four 
questions: 

1) When do | execute an instruction to set a memory bit to 1? 

2) When do | execute an instruction to reset a memory bit to 0? 

3) When do | execute an instruction to store a binary digit in a memory bit? 

4) When do | execute an instruction to read the contents of a memory bit? 


THE MICROCOMPUTER SIMULATION OF 
REAL TIME DEVICES 


There are two types of real time devices that we wil! look at: the one-shot (in- 
cluding monostable multivibrators) and the master-slave flip-flop. Specifically, 
these devices will be described: 


- The Signetics 555 monostable multivibrator 
- The 74121 monostable multivibrator 
- The 74107 dual J-K master-slave flip-flop with Clear 


A one-shot is a device which generates a signal pulse with a LONE-SHOT 
specific time period: 


Je Period of signal PULSE sm 


A monostable multivibrator is a device with one stable, or passive 
State. It produces one-shot output signals, as illustrated above, where | MULTIVIBRATOR 
the pulse is in the unstable, or active state: 
BOWE NA ——— TI 
Passive state peg l=, wine | Lececsces 
signal 


pulse 


The device is a ‘‘multivibrator’’ because it can output a continuous stream of signals — much like 
a clock signal. In other words, a multivibrator output consists of a continuous stream of one-shot 
signals. 


The time period of the signal pulse is a real time value — it is a finite number of 
microseconds, or milliseconds, or even seconds. 


A master-slave flip-flop is a flip-flop which generates out- | MASTER-SLAVE 
put signals based on the condition of input signals at some | FLIP-FLOP 
earlier time. Again we encounter a real time value — the delay bet- 

ween inputs and outputs. 


THE 555 MONOSTABLE MULTIVIBRATOR 


The Signetics 555 monostable multivibrator may be illustrated as follows: 


Ground | 8} Vcc 


Trigger Discharge 


Q Output 164 Threshold 


Reset 4 | Control 


The negative edge of a clock signal at the Trigger input (pin 2) causes a negative-to-positive tran- 
sition at the Output Q. The duration of the high level output at Q is controlled by a resis- 
tor/capacitor circuit connected to the Discharge and Threshold pins (7 and 6, respectively). 
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Reset is a-standard reset input; a low input will hold the Q output low. 


The Control pin is used:to control voltage within the multivibrator; it is not significant to an overall 
understanding of how the 555 device works. 


The ground and power pins (1 and 8, respectively) are self-explanatory. 
Here is one way in which the 555 monostable multivibrator may be. configured: 


+5V 


Discharge 


Threshold 


a 


As soon as a high-to-low signal level is sensed at the Trigger input, the capacitor between pin 6 
and ground charges. Signal levels at the threshold and discharge pins, as controlled by the resis- 
tor R and the capacitor C, control the period for which Q will output high. This time period is given 
by the following equation: 

=1+1RC 


Where T is time in seconds 
R Is resistance in Megohms 
C is capacitance in microfarads 


An output signal pulse is. generated as follows: 


Trigger 


Output Period controled by 
he values of resistor > 


§ R and capacitor C H 


THE 74121 MONOSTABLE MULTIVIBRATOR 


The 74121 monostable multivibrator may be illustrated as follows: 


FUNCTION TABLE R 


EXT/ 
INPUTS OUTPUTS Veo © NC “NC Cex CexT Rint NC 


Monostable 
outputs 


oes 


One-shot 
outputs 
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A constant low input-at A1, A2 or B will hold the 74121 monostable multivibrator in its stable 
condition — with a low Q output and a high Q output. High inputs at Al ‘and A2 have the same 
effect. 


There are five input signal combinations that will generate one-shot outputs. These input signal 
combinations are identified in-the function table above. 


With regard to the function table, symbols are used as follows: 

Xx represents a “don’t care” 

| represents a one-to-zero logic transition 

i represents a zero-to-one transition 
JIL represents a one-shot with a zero monostable logic level and a one pulse level 
qh @ 


is the NOT of JTL 


The duration of the one-shot output:is determined bya resistor-capacitor network, just as. de- 
scribed for the Signetics 555 monostable multivibrator; but there are some differences. The 
74121 provides an internal resistor which .may be accessed by connecting Rint (pin 9) to Veg (pin 
14). A variable external resistor may be connected between. RiyyT (pin 9) or RexT (pin 11) and Veg 
(pin 14). 


An external timing capacitor, if present, will be connected between Cex T (pin 10) and RexT {pin 
11). 


Here is one way in which a 74121 monostable multivibrator may be connected: 


+6V 


This use of the 74121 monostable multivibrator corresponds to the bottom two lines of the func- 
tion table. 

An external resistor/capacitor network controls one-shot pulse duration. Each one-shot pulse will 
be triggered by a low-to-high transition at pin 5 (B). 
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From the programming point of view, there are only two significant features of the 
74121 monostable multivibrator: 


1) The monostable outputs are equivalent to binary digits of fixed value Any |m- 
mediate instruction which loads a zero or a one into any register bit simulates the monostable 
Output. Here is an example: 


MVI B,4 ‘SET BIT 3 OF REGISTER B TO 1. RESET ALL OTHER BITS 


Bit 3 of Register B is equivalent to a flip-flop; so is every other bit of Register B, and every 
other register. 


2) A one-shot output becomes a time delay of fixed value. We will show how this 
time delay may be computed within a microcomputer system but first let us examine the 
74107 master-slave flip-flop. 


THE 74107 DUAL J-K MASTER-SLAVE FLIP-FLOP WITH CLEAR 
Consider the 74107 master-slave flip-flop. This flip-flop is illustrated as follows: 


| 2 
Veg CLR ICK 2K CLR 2CK 2J 


FUNCTION TABLE 


ICLR or ICK or 1J or 1K or 10 or 10 or 
2cLR 2CK 2s 2k 20 2a 


H 


Stay as you were 
L 
H 
Change state regardless 


|. of previous state 


Wy 1€ 10 1K 20 20 GND 


IL identifies a clock pulse; the way in which it is used is described below. 
xX means “don’t care”. 


Let us examine the function table illustrated above. Unless you are familiar with this type of logic 
device, its features are not self-evident. 


The connotation “master-slave” identifies a circuit which is, in fact | MASTER-SLAVE 
two flip-flops. Therefore, there are four flip-flops in the 74107 device | FLIP-FLOPS 
illustrated above. 


The flip-flops in each master-slave pair respond to a clock signal as follows: 


CLOCK 


Connect master and slave 
flip-flops, thus creating 
Output signals 


Isolate the slave flip-flop; 
from the,master 
Master flip-flop accepts 


input signals Isolate the master flip- 


flop from the input sig- 
nals 


The significance of this clock signal response is that the flip-flop inputs must be present at the 


positive edge of the clock signal; these inputs must remain steady while the clock signal is high. 
The flip-flop outputs, however, do not change state until the negative edge of the clock signal. 
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The Clock signal may be used to create time delays. The 74107 flip-flop output is determined by 
input signal levels as they existed some time period earlier. This may be illustrated as follows: 


CLOCK 


Determine condition 
of Q and © here 


Condition of 
J and K here 


Here is a specific example: 


CLOCK 


The following description of the timing diagram illustrated above is keyed to the circled numbers 
above the clock signal. 


ee the Q output goes low. because aQ@ was low and K was high. 


At(4). Q changes state because .at@)J and K were both high. 
At), Q remains unaltered because at®)s and K were both low. 


MICROCOMPUTER SIMULATION OF REAL TIME 


What is the significance of the 555 monostable multivibrator and the master- 
slave flip-flops? When it comes to microcomputer simulation of these devices, 
there is only one feature that is important to our present discussion — and that is 
the concept of real time. 


The 555 monostable multivibrator creates high logic level pulses at its output, where the duration 
of the high logic level is a controllable real time function. 


The 74107 master-slave flip-flop allows an output signal to be generated based on input condi- 
tions as they existed some real time earlier. 


MICROCOMPUTER TIMING INSTRUCTION LOOPS 


It is simple enough to create a time delay using a microcom- | TIMING 
puter system — providing the microcomputer system is not | SHORT TIME 
being called upon to perform any other simultaneous opera- | INTERVALS 
tions. Consider the following instruction sequence: 


Cycles 

MVI A,TIME ;LOAD TIME CONSTANT INTO ACCUMULATOR 
5 LOOP DCR A ;DECREMENT ACCUMULATOR 
10 JNZ LOOP — ;REDECREMENT IF NOT ZERO 
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The above instruction sequence loads a data value, represented by the label TIME, into the Ac- 
cumulator. The Accumulator is decremented until it reaches zero, at which time program execu- 
tion continues. Let us assume that a 500 nanosecond clock is being used by the microcomputer 
system. The DCR and JNZ instructions, taken together, execute in 15 cycles — which is 
equivalent to 7.5 microseconds. This means that the program sequence illustrated above can 
cause a delay with a minimum value of 7.5 microseconds (when TIME equals 1), increasing in 7.5 
microsecond steps to a maximum delay of 1920 microseconds, which is equivalent to 7.5 x 256. 
This maximum time delay will result when TIME has an initial value of zero, since TIME is decre- 
mented BEFORE being tested to see if it is zero; therefore the time out occurs when 1 decre- 
ments to 0, not when O decrements to FF i. 


Longer time delays may be generated by having a 16-bit | TIMING 


counter. Here is the appropriate instruction sequence: LONG TIME 
INTERVALS 
Cycles 
LX\ D.T16 ;LOAD TIME CONSTANT INTO D AND E 

5 LOOP OCX OD /DECREMENT DE 

5 MOV A.D :TEST FOR ZERO BY ORING 

4 OR E ;D AND E CONTENTS VIA ACCUMULATOR 

10 JNZ LOOP 


The LXI instruction loads a 16-bit value, represented by the label T16, into the DE register pair. 
The LXI instruction. being an immediate instruction, creates three bytes of object code. When the 
LX\ instruction executes, this is what happens: 


PROGRAM 
e) E MEMORY 
Register 
ee ae ae? TT} Object code for LX! D 


The DCX instruction decrements the 16-bit value in the DE registers |STATUS TESTING 
as a single data entity. However, a quirk of the 8080 instruction set | YSING DCX 
neglects to set status bits based on the result of the 16-bit decrement. [INSTRUCTION 
This means that we have no immediate way of knowing whether the 
DE registers now contain a zero, or nonzero value. To make this test, we load the contents of the 
D register into the Accumulator, then OR with the contents of the E register. If the result in the 
Accumulator is 0, then both D and E registers must contain 0. \f the result is not zero, we return 
and redecrement the 16-bit value. 


Observe that 24 cycles are required to travel once through the long time interval instruction loop. 
Again. assuming that the microcomputer is being driven by a 500 nanosecond clock, it will take 
12 microseconds to execute the instruction loop once. The minimum value that T16 may have is 
1. The maximum value is again 0, because a decrement occurs before the test for 0; should 0 in- 
itially be loaded into D and E, it will be decremented to FFFF,,. before the first test for zero is 
made. Thus, the long time interval instruction loop will generate delays that vary in 12 microse- 
cond increments, from a minimum of 12 microseconds to a maximum of 0.786432 seconds. 


FFFF 15 = 6553510 
12 x 65536 = 786432 microseconds 
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Now the actual simulation of a one-shot is complicated by the | TIME DELAY 
fact that we may compute time delays, but when does the | |NITIATION 
time delay begin? For digital logic devices the answer is simple: the 
time delay begins when an input signal changes state: 


Clock-or 
Enable 


One-shot 


To parallel this concept within a microcomputer program, we must initiate a time delay upon 
completing some other program sequence’s execution. This concept may be illustrated. as 
follows: 


JMP DELY ;LAST INSTRUCTION OF SOME PRIOR SEQUENCE 


DELY MVI A, TIME ;SHORT TIME INTERVAL INSTRUCTION 
LOOP DCR A ;SEQUENCE 
JNZ LOOP 


There is another problem associated with creating time delays | EXECUTING 
within a microcomputer system by executing instruction | PROGRAMS 
loops, as we have described: the microcomputer is, in es- | WITHIN 

sence, doing no useful work during the time delay. There maybe | TIME DELAYS 
a simple remedy to this problem, providing we can define a program for 

the microcomputer to execute during the period of the time delay. This may be illustrated: as 
follows: 


Start of desired time An instruction sequence The remaining time is 


delay whose execution time is timed out using a time 
delay instruction loop. 


This ts a fine tuning time 


known exactly executes 


during this time ‘period 


interval 


This isa Coarse time in- 


terval. 
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We must assume that we can calculate the exact time it will take for our program to execute 
within the one-shot time delay; also, the computed time must be less than, or equal to the time 
delay. Not many programs are going to fit this description. If, for example. more than one instruc- 
tion sequence may get executed, depending on current conditions, then there may be many 
different times required for a program to execute. Still, so long as there are a fixed number of 
identifiable branches, the problem is tractable and may be illustrated as follows: 


Start of desired time 


dela’ 
v +) represents decision and branch logic 
represents program execution time 


-——— = represents time delay instruction loop execution time 


Now each “limb” of the program branches will end as follows: 


MVI A,DLY1 — ;LOAD FIRST TIME DELAY 
JMP LOOP ‘START TIME DELAY LOOP 
MVI A,DLY2 ;LOAD SECOND TIME DELAY 
JMP LOOP ‘START TIME DELAY LOOP 
MVI A,DLY3  ;LOAD THIRD TIME DELAY 
JMP LOOP ‘START TIME DELAY LOOP 
MVI A,DLY4 ;LOAD FOURTH TIME DELAY 
JMP LOOP ‘START TIME DELAY LOOP 
MV A.DLYS = ;LOAD FIFTH TIME DELAY 
JMP LOOP ‘START TIME DELAY LOOP 
LOOP DCR A ‘SHORT TIME INTERVAL INSTRUCTION 

JNZ LOOP :SEQUENCE 
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It is more common than not for a microcomputer program to contain numerous conditional 
branches; there may be hundreds of different possible execution times depending on various 
combinations of current conditions. Executing a program within the time interval of the required 
delay now becomes impractical, because the logic needed to compute remaining time for the in- 
numerable program branches is just too complicated. 


THE LIMITS OF DIGITAL LOGIC SIMULATION 


An 8080-type microcomputer can compute time delays so long as no other pro- 
gram needs to be executed during the time delay, or providing a very simple in- 
struction sequence with very limited branching is executed during the time delay. 


You cannot simulate simultaneous time delays, nor can you 
simulate a time delay which must occur in parallel to un- | TIME DELAYS 
definable parallel program executions. External logic must 

handle all such time delays. 


INTERFACING WITH EXTERNAL ONE-SHOTS 


Note that even though external logic may have to create time delays, it is very 
easy for the microcomputer system to trigger the start of the time delay and for 
the external logic to report the completion of the time delay. 


We can identify the start of a time delay by simply outputting | ONE-SHOT 
an appropriate binary digit. Look again at the way ‘Signal Out’ was | INITIATION 
Output to external logic by the signal inverter simulation. Outputting a sig- 

nal to external logic is indeed very easy. Consider the following four instructions: 


MVI AO ;LOAD A 0 INTO THE ACCUMULATOR 

OUT 2 ;OUTPUT VIA 1/O PORT 2 

MVI A,2 ‘LOAD A 1 INTO THE ACCUMULATOR BIT 1 
OUT 2 ;OUTPUT VIA 1/O PORT 2 


A 1 is output at pin 1 of 1/0 Port 2. Assuming that the pin associated with this {/O port is con- 
nected to the trigger of a multivibrator, and that this connection was previously high, then the 
simple execution of the above instructions will trigger a one-shot. 


This may be illustrated as follows: 


7 + 5V 
6 ft 
st] 
8225 1/0 4f ] Trigger . 
Pot2> 3] | 
2t) 
i 
on 6 
4 
— 
— 
MVI AO MVI A2 
OUT 2 EXECUTED OUT 2 EXECUTED 


Trigger 


i. cbt 


2-39 


It is equally easy for external logic to signal the end of a time delay. 


{f we are dealing with ‘‘greater than or equal to” logic, all that is necessary 
is for the one-shot output to be connected to another pin of a microcom- 
puter 1/O port: 


8225 1/0 Trigger 


Port 2 


O-NnNwaatannw 


Signals arriving at pins of |/O ports are buffered. The program being executed by the microcom- 
puter may, at any time, input the contents of the I/O port and test the condition of bit 0, which 
has been wired to the OQ output. When this bit is found to equal 0, microcomputer program logic 
knows that the time interval has been surpassed. 


The following instruction sequence will test the I/O port, reset the one-shot input, 
and clear the ‘‘time interval complete’ status being reported by !/O Port 2, pin 0: 


IN 2 INPUT CONTENTS OF |/O PORT 2 TO ACCUMULATOR 
ANI 1 ‘MASK OUT ALL BITS BAR BIT 0 
JNZ NEXT ;CONTINUE IF BIT IS 1 


STIME OUT PROGRAM BEGINS HERE 


NEXT ‘TIME NOT OUT PROGRAM BEGINS HERE 
The IN instruction: moves the current contents of |/O Port 2 to the Accumulator. 


The following ANI instruction sets all Accumulator bits to Q bar the bit corresponding to |/O Port 
2, pin 0: 

765432 10<€Bit No. 

XXXXXXXY Accumulator Contents 

00000001 Hexadecimal 01 


QOQO000Y ~ Result of AND 


\f the binary digit input from pin O of 1/0 Port 2 is 1, then the Q output is still high. The NZ NEXT 
instruction simply continues program: execution 


If bit O of I/O Port 2 is 0, then the time delay is over: we branch to a program sequence which 
only gets executed immediately following a time out. 
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“ing. whatever program was saa 
ees has been spectoaiyegs g 


with th erupts are more complicated than a level 

ie yak hore. defer a detailed description of inter- _ 
pt processing until later in this ook. Fort ‘moment it 1s Sufficient to understand that the exact 
nstant-of a time out may be. signeledio Whe 0 


Chapter 3 
A DIRECT DIGITAL LOGIC 
SIMULATION 


The discrete logic devices which we simulated in Chapter 2 were not selected at 
random; correctly sequenced, they will simulate the logic illustrated in Figure 3-1. 
This logic is a portion of the printer interface for the Qume Q-Series and Sprint 
Series printers. Figure 3-2 is the timing diagram that goes with Figure 3-1. We are 
going to describe both figures at a very elementary level. 


Now the purpose of this chapter is to provide a one-for-one correlation between 
microcomputer assembly language programming and digital logic design. What 
you must understand is that while such a one-for-one correlation can be forced, it 
is not natural; and that is where the problem in understanding lies. Microcomputer 
programs should be written to stress the nature of microcomputers, not the 
characteristics of digital logic. 


The correct way to program a microcomputer is described beginning at Chapter 4. 


Nevertheless, the juxtaposition of digital logic design and microcomputer pro- 
gramming is underscored in this chapter. This is the chapter that bridges two con- 
cepts; and for that reason it is the most important chapter in this book. If you are a 
logic designer, this chapter is important because it will eliminate digital logic con- 
cepts which are inapplicable to microcomputers. If you are a programmer, this 
chapter is important because it will acquaint you with a new programming goal — 
efficient logic implementation. 


To achieve the goal of this chapter, we will describe the logic illustrated in Figures 
3-1 and 3-2; the description will be careful and detailed, so that you can follow 
this chapter, even if you are not a logic designer. As the logic description pro- 
ceeds, we will blend in assembly language — in easy stages. 


If you understand digital logic, it is particularly important that you confine your 
reading to the bold face type in this chapter. The logic of Figure 3-1 has been de- 
scribed in sufficient detail to meet the needs of a programmer, or a reader, with no 
logic background. 


HOW THE QUME PRINTER WORKS 


The active Qume printing element is a 96-petal printwheel, with one character on 
each petal: 


COURTESY OF QUME CORPORATION 
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A character is printed by moving the printwheel until the appropriate petal is in 
front of a solenoid driven printhammer. The printhammer is then fired; it strikes 
the printwheel petal, which marks the paper: 


Whenever a character is not in the process of being printed, the printwheel is positioned with a 
short petal immediately vertical, so that the character just printed is visible 
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ve 


PRINTWHEEL © 
STROBE 


PRINTWHEEL 
READY 


Aw FLIP-FLOP 
Byy FLIP-FLOP 
500 kHz CLOCK 
Cyy FLIP-FLOP 
Dyy FLIP-FLOP 


VELOCITY DECODER 
(A=0) 


HAMMER INTERLOCK 
Ey FLIP-FLOP 
Fy FLIP-FLOP 


—_—_— 
HAMMER PULSE 


PRINTWHEEL 
RELEASE 


START RIBBON 
PULSE 


PRINTWHEEL POSITIONING 
DELAY 


PRINTWHEEL SETTLING PRINTWHEEL RELEASE 
DELAY CHARACTER PRINTING DELAY 


Figure 3-2. Printwheel Control Logic Timing Diagram 


PRINTWHEEL READY 
DELAY 


As part of the print cycle, the printer ribbon and paper carriage must be moved. 


Every character is printed according to a definite sequence of events, collectively referred to as a 
“print cycle’. The logic illustrated in Figure 3-1 controls the character print cycle. These are the 
events which must occur within a print cycle: 


1) First, the print cycle must be initiated. A signal (PW STROBE) is | PW STROBE 


pulsed high to initiate the print cycle: 


PW STROBE 
Start of 


pant 
cycle 
2) The print cycle will endure for a fixed time interval. Obviously during | PRINTWHEEL 
this time interval another print cycle must not be initiated. Therefore | READY 
the external logic responsible for generating PW STROBE true 
must be given a signal identifying the duration of the print 
cycle. This signal is PRINTWHEEL READY, also called CH 
RDY: 


PW STROBE 
CH RDY 
1 


: 
Start of | End of 


print print 
cycle Print cycle tume interval —_—__—_———_>| cycle 


The sequence of events which actually cause a character to be printed can now proceed 
with the assurance that external logic will not attempt to start printing the next character 
before the current print cycle has gone to completion 


3) The printwheel is moved from its position of visibility until the appropriate 
character petal is in front of the printhammer: 


PW STROBE 
CH ROY 
b 
Variable 1 
Move required & | 
ee im front 1 | 
of} hammer 1 
Print cycle time | 
Start of End of 
print print 
cycle cycle 


A variable time delay is needed by the printwheel positioning logic. Obviously it will take 
longer to position a petal that is far from the position of visibility than to position to an adja- 
cent petal. 


4) Before the printhammer is fired, the printwheel must be given time to settle. A fixed, 
2 millisecond time delay is sufficient 


PW STROBE 
CH ROY 
b 
Variable 1 Fixed u 
‘ 
Move required@ — Printwheel ' | 
petal in front ' settling ' | 
of hammer ] time : 
Piet ele ane ooo 
Start of rina 
a print 
aa cycle 
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Settling time delays are a very important aspect of the 


logic supporting any type of mechanical movement. It is | SETTLING 
easy to draw a clean line showing movement velocity as follows: DELAYS 
Accelerate Move Decelerate 
Stop Step 


But in reality, movement occurs like this: 


Accelerate Move Decelerate 


Stop Stop 


Bounce 


The bounce that follows deceleration must be passed over by a settling time delay. 


A blurred character will be printed if the printwheel is still vibrating when the printhammer 
hits a petal against the paper. 


5) At the end of the printwheel settling time delay, the printhammer can be fired. This is 
done by outputting an impulse toa solenoid. Six firing impulse intensities are pro- 
vided, since some characters have a more substantial surface area than others. To strike a 
comparatively large surface area like a ““W"’ with the same intensity that you strike a small 
character, like a “.”’, would produce uneveness in the density of the printed text. The dura 
tion of the printhammer solenoid pulse is controlled by the next time delay: 


PW STROBE 
CH RDY 
HAMMER PULSE Vanable 1 Fixed 
Move required Printwheel -4 Variable 1 | 
| oetai in front } settling § Hammer pulse # | 
of hammer 1 time ! width : 

beeen Bi Print cycle time inte ———— ne 
Start of End of 
print print 
cycle cycle 


The bar over HAMMER PULSE identifies the signal as one which is low when active 


6) At the completion of the printhammer pulse time delay, the hammer has struck a petal and 
forced it onto the paper. Now the hammer must be given time to return to its pre- 
firing position. A 3 millisecond delay is generated for this purpose: 


Pw STROBE 
CH RDY 
je b 
HAMMER PULSE | Variable {Fixed 1 
Move required = Printwheel 4 Variable 1 Fixed H | 
[oetat in front } settling t Hammer pulse g Hammer return } | 
of hammer time § width Vand settling wnel 
Print cycle time interval 
Sieniel End of 
print print 
cycle cycle 
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7) Now the printwheel can be moved to its position of | PRINTWHEEL 
visibility and the paper carriage can be advanced to the next | POSITION OF 
character position. The printwheel's “‘position.of visibility” is its nor- | VISIBILITY 
mal inactive position; in this position a short petal is in front of the 
printhammer, so the most recently printed character is visible above.the short petal; hence 
the “position of visibility’. Had we not given time for the printhammer to settle back before 
moving the printwheel to its position of visibility, a printwheel petal may have been. broken, 
Striking ‘the tip of the still protruding hammer. Also the paper may ‘have smudged moving 
against.a bent petal. Since the printhammer has been ‘given time to fully retract, none of 
these problems will arise. 


A final 2 millisecond time delay allows the printwheel and paper carriage to 
reposition themselves: 


PW STROBE 
CH RDY 
—_———— “ 
HAMMER PULSE Variable 4. Fixed 4 Fixed 
Move required@ .Printwheel 4 Variable Fowed H Final | 
Bee in front p settling : Hammer pulse 6 4ammer return 4g movements 
of hammer | time ! width Yand settling er delay 
Print cycle time imerval 
Start of End of 
print print 
cycle cycle 


8) What about ribbon logic? In order to get a clean impression on 
the paper, a fresh-piece of ribbon must present itself bet- ~ 
ween the character petal and the paper. Shortly after the 
beginning of the print cycle, therefore, a signal (START RIBBON MO- 
TION PULSE) is output to external logic, which actually controls ribbon 
movement. This external logic (it is not part of Figure 3-1) sends back a ribbon movement 
completed signal (FFA) since we cannot allow the printhammer to be fired while the ribbon is 
still moving. Thus the ribbon is advanced while the printwheel is initially being 
positioned and settled: 


PW STROBE 
CH RDY 
————— 
HAMMER PULSE | Variable Fixed 1 Fixed 
Move pe | Printwheel 4 Variable Fixed H Final | 
1 pctat in front ; settling ‘ Hammer pulse 6 Hammer return ie movements | 
of hammer time € width Band settling ume! 
Print cycle time interval 
Start of End of 
print print 
cycle cycle 
Start Ribbon 
nbbor movement 
movement complete 


In summary, a print cycle consists of 5 time delays; each time delay starts out with a.flurry of logi- 
cal activity, followed by a period of mechanical movement. 
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INPUT AND OUTPUT SIGNALS 


Now that you have a general understanding of the functions which are controlled by logic in 
Figure 3-1, the next step is to take a closer look at input and output signals. 


In order to know what to do, and when to do it, we must rely entirely upon input signals. 
Similarly, output signals represent the only way in which we can transmit control to external logic 


Our limited goal, at this point, is to understand what function each input and output signal per- 
forms, and how — physically we are going to handle the signals. We will discuss the “how” 
first 


INPUT/OUTPUT DEVICES 


There are two types of devices used to transmit signals | PROGRAMMABLE 
and data between an 8080 microcomputer system and ex- | PERIPHERAL 
ternal logic. INTERFACE 


First, there are programmable peripheral interface devices, 
such as the 8255 family of devices manufactured by a number of companies, or 


the TMS5501 manufactured by Texas Instruments. 
LATCHED 
BUFFER 


Since these devices have been described in “An Introduction To Microcomputers’, we are going 
to assume that you understand their capabilities and organization superficially; if you do not, see 
An introduction To Microcomputers — Volume ll— Some Real Products before continuing, 
otherwise you will not understand the discussion which follows 


THE 8255 PROGRAMMABLE PERIPHERAL INTERFACE 


The 8255 Programmable Peripheral Interface provides 24 1/O pins, which may be 
grouped into ports as follows: 
Pon A Port C Pon C Pon B 
upper lower Port 


Then there are simple latched buffers, such as the 8212. 


We are going to use an 8255 Programmable Peripheral Inter- 
face and an 8212 latched buffer. 


Group 1 Group 2 


Each group of pins may be programmed to operate in one of three 
modes. Group 1 and Group 2 ports do not have to operate in the same 
mode. 


In Mode 0, every port is either a simple input port, or a simple output port: 


Port A Port C Pon C Pon B 
upper lower Pont 


Input Input Input Input 
or or or or 
Output Output Output Output 
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FETURN STROBE (SH) 
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Figure 3-1 Printwheel Control Logic 


In Mode 1, the A (or B) Port is either a strobed input port, or a strobed output port. 
Strobe and-control signals are provided. by the C Port-pins inthe same group, 


Port A Pot: $--.PonC Port B 
upper H lower Port 
! 
ee, ee ee ee ee 
7°65 4 902 1°068 2°51 O13¢2°9. 0.7.6 5 4°3.2°1--0° © Pin'No 


input H input 
or control | control or 
Output i Output 
{ 
are REDRESS EE a ERI ETT A. SR TS a 


Group 1 Group .2 


What i8:the difference between-a basic {Mode 0) 1/O port and-a:strobed- | SIMPLE 
(Mode 1)'1/O port? The basic 1/O mode-accepts and transmits data im- [1/0 
mediately: Am input signal-changing state will immediately set or reset an 


appropriate bit. within the 1/O-port buffer 
76.5 43.2 1.0, <eg——n Bit No 


Bit .7 contents 
changes from 
0101 


Input signal 


Input. signal 


STROBED 
1/0 


A’strobed I/O port uses.control signals to’determine the instant at whicha 
data change willbe recorded. Again, with reference to an input signal; this 
may be ‘illustrated as follows 


76543 2.10 Gee Bit No 


pores 


input signal 


Set.bit-710 4 


Reset bit 7. to 0. 


Strobe 


Input signal 


' ' 
825541/0 pins:may also be programmed to operate as.a single, bidirectional. 8-bit 1/O. port Sup- 
ported. by five’ control-signals: 


PorA Port. Port C Port B 
upper lower Port 


ee, ee ee, ee 


FFAS GLO SIS MAE OB IO BED MAK O87 BBS VES. EMD SP 


eS ee” 


Input Unused 
and Control and 
Output available 
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As illustrated above, the 8255 PPI is being used in Mode 2. 


Irrespective of mode, every PPI has four I/O port addresses PORT 
assigned to it. Three 8255 pins are used to select the device, and a ADDRESSING 
device port, as follows 


CS: Input Oto select the device. Input 1 to disconnect it 


Al AO 

0 (0) Address Port A 

0 1 Address Port B 

1 0 Address Port C (upper and lower, as a single 8-bit unit) 
1 1 Address PPI device's ‘control port’ 


The device ‘‘control port’’ is a write only port. You select port | I/O PORT 
modes by writing an appropriate code into the control port. A detailed dis- MODE 
cussion of control port codes will not help you understand the subject | SELECTION 
matter of this chapter, so we leave that discussion to An Introduction To 
Microcomputers — Volume || — Some Real Products. 


Now when an IN or OUT instruction is executed by an | I/O PORT 
8080-type CPU, the port number is output on the low order | ADDRESS 
eight address bus lines. Therefore, we will connect our | DETERMINATION 
8255 PPI as follows: 


A3 
A2 
Al 


AO 


Low order 


four lines 


of address bus 


Ow Al, Pin 8 


AO, Pin 9 


These pin connections will cause 8255 I/O ports to be addressed as follows: 


A2 Al AO 


Port O - PPI 

Port A 0 0 (6) 
Port 1 - PPI 

Port B 0 6) 1 
Port 2 - PPI 

Port C 6) 1 ) 
Port 3 - PPI 
Control Port 0 1 1 


Notice that you must decode the address bus with care when | ADDRESS 

using simple I/O devices such as the 8212 I/O port. The address | BUS DECODE 
bus of 8080-type microprocessor devices outputs diagnostic information 

when the address bus is supposedly inactive. By ANDing the chip select with appropriate Bus 
Control signals, in this case 1/OR OR1/OW. we insure thatthe address bus is decoded only when 


an |/O operation is being initiated. 


Initially, to keep things simple, we are going to program the 8255 PPI to operate in 
Mode 0, with Group 1 ports assigned to input and Group 2 ports assigned to out- 
put. 


In order to ‘understand the discussion at hand, you do not need to 1/0 PORT 

know how the ‘8255 PPI-is programmed to meet our requirements; {| MODE SELECT. 
nevertheless ‘here’is the appropriate. instruction sequence and control | INSTRUCTION 
word explanation: SEQUENCE 


Control Word 


7 65 4 3 2.1.0 —Bit No. 


fee: Port.C lower output 


Port B output 
Group 2 Mode 0 


Port C upper input 
Port A input 
Group 1 Mode 0 


Change-mode 


MV A.98H {LOAD PPI CONTROL BYTE 
OUT 3 OUTPUT TO PPI CONTROL PORT 
To verify the-above control:word format, compare it with the description of the 8255 PPI in An In- 
troduction To Microcomputers — Volume It —- Some Real Products. 


THE 8212 8-BIT INPUT/OUTPUT PORT 
This device is simply a strobed 8-bit input/output buffer. 


The 8212 I/O port has eight ‘‘data in’’ pins and eight ‘‘data out’’ pins. |/O port 
mode is controlled by signal MD and data transfers are strobed by signal STB. We 
are going to use the 8212 I/O port as a data storage and output device, wired as 
follows: 


Data strobed.in.by 
MEMW fromm control bus 


DI DO1 
bi2 DO2 
bis DO3 
Data‘inpat from D4 8212 Dos Data output 
microcomputer ‘system DIS \/O PORT 605 to external 
Die 06 lagic 
bI7 007 


ps2 DSi © MD 


We have wired the 8212 I/O port to select itself in response to | 1/O PORTS 
memory reference instructions, providing the two high order | ADDRESSED 
bits of the memory address are 10. In other words, any memo- | AS MEMORY 
ry address in the range 8000H through BFFF will select the 
8212 I/O port: 


1514131211109 8 765 43 2 1 0 &—BitNo 


GA a a Memory address 


Don't care” bits. These bits may have any values. 
Connected to DS1. must be 0 to select 


Connected to DS2. must be 1 to select 


If you look at the range of values the ‘don’t care” bits can have you get the range of memory ad- 
dresses to which the 8212, as wired, will respond: 


Minimum address: 1000000000000000 
ti el 

8 0 0 0 
Maximum address: 1011111111111111 
een SN ONO ee’ 

B F F . 


We have used up 3FFF,, memory addresses accessing a single 1/O port. Does that 
matter? Not really. We still have C000, addresses left ——- far more than we will need 


We could have reserved just one memory address for our I/O port, but that would 
have meant synthesizing the two select signals out of 16 address lines. Here is how the single ad 
dress FFFF,, could select the 8212 I/O port: 


AQ 

= —— 
= 7430 e To DS1 
A7 

AB 

= To DS2 
ANS 


A 7430 is an 8-input NAND gate 


Remember that the 7430 outputs must be ANDed with appropriate control signals 


to insure that the address bus is decoded only when a valid address is being out- 
put. 


But why waste money on the unnecessary extra logic? 


INPUT SIGNALS 


Let us now turn our attention to the input signals that appear on the left-hand side 
of Figure 3-1. We will describe each signal, assign it to an appropriate input pin, 


and include a rudimentary instruction sequence to access the signal at the most 
elementary level. 


RETURN STROBE 


If the operator is to see the most recently printed character, two things must hap- 
pen: 


1) The printwheel must be moved to its position of visibility. 
2) The ribbon must be dropped. 


External logic can take care of dropping and raising the ribbon, but logic in Figure 3-1 creates the 
signals that allow the.printwheel to move 


In order to move: the printwheel to its position of visibility, therefore, the ribbon control external 
logic inputs RETURN STROBE low while the ribbon is dropped. 


Logic within Figure 3-1 uses RETURN. STROBE as an alternative signal | PRINTWHEEL 
to-start_a print cycle: however, RETURN.STROBE low is accompanied { REPOSITIONING 
by HAMMER ENABLE FF low, which prevents the printhammer from [PRINT CYCLE 
firing. Therefore a print cycle initiated by RETURN STROBE 
low is a ‘‘dummy” print cycle which moves the printwheel back to its position of 
visibility, but does not fire the printhammer; we refer to this as a printwheel 
repositioning print cycle: 


Printwheel 


print cycle print cycle 


PW. STROBE J | \ 
RETURN. STROBE 1 ! f 1 


\ 
CH RDY j | 


HAMMER ENABLE 1 ! 


HAMMER PULSE | | f T 


, 
1 Printing | { repositioning 
' ! ! 

! 


| 
| Print cycle during Print cycle during 1 
| which hammer which hammer 1 
' is fired and is not fired, but ! 
1 character is printwheel is | 
: printed moved back to i 
| I 


its position of 
® 1 f visibility 1 
In between print cycles 


We will assign 1/O Port 2, pin 4 to RETURN STROBE. 


In between print cycles, we can test this pin in order to trigger a new print cycle 
via the following instruction sequence: 


LOOP IN 2 INPUT 1/O-PORT 2 CONTENTS TO ACCUMULATOR 
ANI\ 10H :;MASK OUT ALL BAR BIT 4 
JNZ LOOP iF THIS BIT IS 1, RETURN AND RETEST 


;sNEW PRINT CYCLE INSTRUCTION SEQUENCE BEGINS HERE 
Here is a check on how the ANI instruction works.in the sequence above: 


7-6 5.4-3 2 10 —*Bit No. 
xX XX Accumulator contents 
0000 10H 


ox 
-< 


. 


This bit corresponds to RETURN STROBE 


PFL REL 


The printhammer cannot be fired while the paper feed mechanism is moving, 
therefore at such times external logic inputs PFL REL low. 


Logic within Figure 3-1 will delay firing the printhammer for as long as PFL REL is being input 
low. 


We will assign Pin 0 of I/O Port 0 to PFL REL. 


Before executing the instruction sequence which fires the printhammer, we will input the con- 
tents of Port 0 and test bit 0; so long as this bit contains zero, we will not execute the printham- 
mer firing sequence. 


The following instructions perform the required test: 


LOOP IN 0 ‘INPUT CONTENTS OF I/O PORT 0 TO ACCUMULATOR 
ANI 1 :MASK OUT ALL BITS BAR BIT 0 
JZ LOOP ‘THE BIT IS 0 DO NOT FIRE THE PRINTHAMMER 


;PRINTHAMMER FIRING INSTRUCTION SEQUENCE BEGINS HERE 
RIB LIFT RDY 


This signal is similar to PFL REL; it is input low when ribbon lift logic is moving the rib- 
bon. Just as the printhammer cannot be fired while the paper feed mechanism is active, so it 
cannot be fired while the ribbon is being moved. By connecting RIB LIFT RDY to Pin 1 of I/O Port 
0, we may adjust the printhammer firing initiation instruction sequence as follows 


LOOP IN 0) ‘INPUT CONTENTS OF 1/0 PORT 0 TO ACCUMULATOR 
ANI 3 :MASK OUT ALL BITS BAR 0 AND 1 
CMA :COMPLEMENT THE RESULT TO TEST FOR ANY 0 BIT PRE- 
SENT : 
JNZ LOOP “ANY 0 BIT WILL NOW BE 1. IF ANY BIT IS NOW 1, DO NOT 


FIRE PRINTHAMMER 
;PRINTHAMMER FIRING INSTRUCTION SEQUENCE BEGINS HERE 


PW STROBE 


We have already encountered this signal it is pulsed high by external logic to start a 
normal print cycle, during which a character will be printed. 


Remember, RETURN STROBE is input low to initiate a print cycle during which the printwheel will 
be moved to its position of visibility, but no character will be printed. 


Assuming that PW STROBE is connected to pin 5 of 1/0 Port 2, this is the instruction se- 
quence that will be executed between print cycles: 


LOOP IN 2 sINPUT 1/O PORT 2 CONTENTS TO ACCUMULATOR 
ANI 30H ‘ISOLATE BITS 5.(PW STROBE) AND 4 (RETURN STROBE) 
CPI 10H ‘TEST FOR PW STROBE = 0, RETURN STROBE = 1 
JZ LOOP ‘IF TEST IS TRUE, STAY IN LOOP 


:PRINT CYCLE INSTRUCTION SEQUENCE STARTS HERE 
Observe that either PW STROBE = 1, or RETURN STROBE = 0 must trigger the start of a print cy- 


cle; that is why only PW STROBE = 0 and RETURN STROBE = 1 keeps us in the testing instruc- 
tion loop. 


Now the four instructions shown above execute in a combined total | INPUT SIGNAL 
of 34 clock cycles. With a 500 nanosecond clock, the four instructions PULSE WIDTH 
will execute in 17 microseconds — which becomes the minimum 


pulse width allowed for PW STROBE. If PW STROBE is pulsed high for less than 17 
microseconds, our instruction cycle may miss it. 


FFA 

This is another printhammer warning signal. |t is set to O while external logic is advanc- 
ing the ribbon. By connecting this signal to pin 2 of I/O Port 0, we can modify the 
instruction sequence which precedes printhammer firing as follows: 


LOOP IN 0 INPUT CONTENTS OF I/O PORT 0 TO ACCUMULATOR 
ANI 7 ASOLATE BITS 2, 1 AND O 
CMA ;COMPLEMENT THE RESULT TO TEST FOR ANY 0 BIT 
JNZ LOOP sANY 0 BIT WILL NOW BE 1. IF ANY BIT IS 1, DO NOT FIRE 
PRINTHAMMER 


:PRINTHAMMER FIRING INSTRUCTION SEQUENCE BEGINS HERE 


All we have done is add one more test condition which must be met before the printhammer fir- 
ing instruction sequence gets executed. 


RESET 


This is a signal which is commonly seen in the most diverse types of logic. It is an initializing 
signal.jts purpose is to ensure that all logic is in a ‘beginning’ state, which in our case is the 
condition which exists between printwheel cycles. 


The logic in Figure 3-1 connects the RESET signal to logic devices such that 
RESET going high forces all logic to a ‘‘beginning’’ condition. 


There are many ways in which a microcomputer system can | RESET 
handle a RESET signal. The simplest scheme is to input this | THE CPU 
signal to the RESET pin of the 8080 CPU. 


Another method of handling RESET is to test the signal in between print cycles 
and to prevent any print cycle from starting while RESET is high; this may be ac- 
complished by connecting RESET to pin 6 of I/O Port 2, then modifying our ‘‘in 
between print cycles” instruction sequence as follows: 


LOOP IN 2 ‘INPUT 1/O PORT 2 CONTENTS TO ACCUMULATOR 
ANI 40H ‘ISOLATE BIT 6 (RESET) 
JNZ LOOP ‘IF RESET IS HIGH, STAY IN LOOP 
/RESET IS LOW. TO TEST PW STROBE AND RETURN STROBE 
IN 2 INPUT 1/0 PORT 2 CONTENTS TO ACCUMULATOR 
ANI 30H ‘ISOLATE BIT 5 (PW STROBE) AND BIT 4 (RETURN STROBE) 
CPI 10H ‘TEST FOR PW STROBE = 0, RETURN STROBE = 1 
JZ LOOP ‘IF TEST IS TRUE STAY IN LOOP 


:;PRINT CYCLE INSTRUCTION SEQUENCE STARTS HERE 


Now this longer test loop will require 61 cycles to execute. | SIGNAL 
That means PW STROBE must pulse high for at least 30.5 | PULSE 
microseconds, assuming a 500 nanosecond clock. WIDTH 


PFR REL 


This is yet another signal which must be tested before initiating printhammer firing. It indi- 
cates when external logic is moving the paper feed. Under such circumstances we can- 
not fire the printhammer. By connecting this signal to pin 3 of input Port 0, we merely 
have to adjust the printhammer firing instruction initiation sequence as follows: 


LOOP IN 0 INPUT CONTENTS OF 1/0 PORT 0 TO ACCUMULATOR 
ANI OFH ‘ISOLATE BITS 3, 2, 1 AND O 
CMA ;COMPLEMENT THE RESULT TO TEST FOR ANY 0 BIT 
JNZ LOOP SANY 0 BIT WILL NOW BE 1. iF ANY BIT IS 1, DO NOT FIRE 
PRINTHAMMER 


:PRINTHAMMER FIRING INSTRUCTION SEQUENCE BEGINS HERE 
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CA REL 


This signal is almost identical to PFR REL. It comes from external logic that controls car- 
riage movement. We will connect this signal to pin 4 of input Port 0 and modify the 
hammer firing instruction initiation sequence as follows: 


LOOP IN 0 INPUT.CONTENTS OF. 1/O PORT 0 TO ACCUMULATOR 
ANI 1FH NSOLATE BITS 4, 3, 2,.1 AND O 
CMA :COMPLEMENT THE RESULT TO TEST FOR ANY 0 BIT 
JNZ LOOP ‘ANY..O BIT WILL NOW BE 1. IF ANY BIT IS 1, DO NOT FIRE 
PRINTHAMMER 
;PRINTHAMMER FIRING INSTRUCTION SEQUENCE BEGINS HERE 
FFI 


This is the signal which times the first delay in the print cycle — the time during 
which the printwheel moves from its position of visibility until the required petal 
is in front of the printhammer. 

FFI is generated by external logic; it is low while the printwheel is moving and it is high while the 
printwheel is not moving. 


We will tie FFI to pin 7 of 1/O Port 0. The following instruction TIME DELAY 


loop will create a delay which lasts until FFl-goes high: BASED ON 
LOOP IN 0 JNPUT PORT.0 TO ACCUMULATOR LINPUT SIGNAL 
RLC :SHIFT BIT 7 INTO: THE CARRY 
JNC LOOP ‘IF CARRY =0 STAY INTHE LOOP 


Do you see how this loop works? After 1/O Port 0 contents have been input to the Accumulator, 
we are only interested in bit 7, since this is the bit that corresponds to FFI. 


This is what the RLC instruction does: 


Carry 7 6 5 4 3 2.1.0 —®Bit No. 


RDP 


be) JR 


If the Carry status equals 1, the printwheel move delay is over. If Carry equals 0, program logic 
must continue the delay. 


EOR DET 


This signal indicates that the end of the ribbon has been reached. Under these cir- 
cumstances character printing carinot continue. 


When this signal is generated, there will still be fresh ribbon in front of the printhammer. so, the 
signal is not used to inhibit printhammer firing; rather it is used to prevent the end of the print cy- 
cle from ever being indicated. This effectively prevents a new print cycle from ever starting. 
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We will connect the EOR DET signal to bit 7 of I/O Port 2. Since EOR DET is a negative 
logic signal we will test it prior to going into the “in between print cycle” loop as follows: 


-TEST FOR VALID END OF PRINT CYCLE 


LOP1 IN 2 INPUT 1/O PORT 2 CONTENTS TO ACCUMULATOR 
RLC ‘SHIFT BIT 7 INTO CARRY 
JNC _ LOP1 ‘IF ZERO IN CARRY, STAY IN PRINT CYCLE 

‘START OF IN BETWEEN PRINT CYCLES LOOP 

LOOP \N 2 INPUT 1/O PORT 2 CONTENTS TO ACCUMULATOR 
ANI 40H ‘ISOLATE BIT 6 (RESET) 
JNZ LOOP sIF RESET IS HIGH, STAY IN LOOP 

:RESET IS LOW. TO TEST PW STROBE AND’ RETURN STROBE 
IN 2 ‘INPUT 1/0 PORT 2 CONTENTS TO ACCUMULATOR 
ANI 30H ISOLATE BITS 5 (PW STROBE) AND 4 (RETURN STROBE) 
CPI 10H ‘TEST FOR PW STROBE = 0, RETURN STROBE = 1 
JZ LOOP ‘IF TEST IS TRUE STAY IN LOOP 


‘PRINT CYCLE INSTRUCTION SEQUENCE STARTS HERE 
Look at the above instruction sequence. There are some interesting aspects to it. 


The first three instructions above will be the last three instructions in the print cy- 
cle sequence. The instruction labeled LOOP is the first instruction of a sequence which gets ex- 
ecuted continuously until the start of the next print cycle. Thus, if EOR DET is low, program logic 
will hang up in the first three instructions listed above, constantly looping within these three in- 
structions until EOR DET goes high. At that time, the print cycle ends and we go into the “in bet- 
ween print cycles” instruction loop. The program now hangs up indefinitely in this instruction 
loop until bit 6 which corresponds to RESET equals 0, while bit 5 which corresponds to PW. 
STROBE equals 1, or bit 4 which corresponds to RETURN STROBE equals 0. 


There is another interesting feature of the above instruction sequence. We could, 
if we wished, eliminate the second IN instruction, as follows: 


‘TEST FOR VALID END OF PRINT CYCLE 


LOP1 IN 2 ‘INPUT I/O PORT 2 CONTENTS TO ACCUMULATOR 
RLC ‘SHIFT BIT 7 INTO CARRY 
JNC LOP 1 sIF ZERO IN CARRY, STAY IN PRINT CYCLE 

‘START OF IN BETWEEN PRINT CYCLES LOOP 
ANI 80H ISOLATE BIT 6 (RESET) 
JNZ LOP1 ‘IF RESET IS HIGH, STAY IN LOOP 

‘RESET IS LOW. TO TEST PW STROBE AND RETURN STROBE 
\N 2 sINPUT 1/0 PORT 2 CONTENTS TO ACCUMULATOR 
ANI 30H ‘ISOLATE BITS 5 (PW STROBE) AND 4 (RETURN STROBE) 
CPI 10H ‘TEST FOR PW STROBE = 0, RETURN STROBE = 1 
JZ LOP1 ‘IF TEST IS TRUE STAY IN LOOP 


;PRINT CYCLE INSTRUCTION SEQUENCE STARTS HERE 

By eliminating. one instruction, we have saved two bytes of object code. The penalty is that we 
have added 14 clock cycles to the entire instruction loop, which means that the PW STROBE high 
pulse goes up from the 30.5 microseconds we calculated when discussing the RESET signal to 
37.5 microseconds. 


Why does the condensed instruction sequence illustrated above work? The reason 
is- because external logic is not supposed to be moving the ribbon in between print cycles, 
therefore EOR DET will always be high during the in between print cycle instruction execution 
loop. If this is so, the RLC instruction will always shift a 1 into the Carry, which will always cause 
execution to continue with the ANI instruction. Thus the first three instructions become harmless. 
Notice that the ANI 40 instruction has become an ANI 80 instruction since the RESET signal bit 
has been shifted one position to the left by the RLC instruction. 
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HAMMER ENABLE FF 


This is the signal which prevents the printhammer from being fired after the print- 
wheel is moved to its position of visibility, as described in connection with the RETURN 
STROBE signal. 

We will connect HAMMER ENABLE FF to pin 6 of I/O Port 0, then modify the instruc 
tion sequence which precedes printhammer firing as follows: 


LOOP IN 0) INPUT CONTENTS OF I/O PORT G TO ACCUMULATOR 
ANI 5FH ‘ISOLATE BITS 6, 4, 3, 2, 1 AND O 
CMA -COMPLEMENT THE RESULT TO TEST FOR ANY 0 BIT 
JNZ LOOP :ANY 0 BIT WILL NOW BE 1. IF ANY BIT IS 1, DO NOT FIRE 
PRINTHAMMER 
:PRINTHAMMER FIRING INSTRUCTION SEQUENCE BEGINS HERE 
CLK 


This is the clock signal that synchronizes all logic in Figure 3-1. Try as we may, we 
cannot include this signal in our simulation of Figure 3-1, since events within the 
microcomputer program are going to be synchronized by the sequence in which instructions are 
executed — not by a clock. Similarly, the next two signals, +5V and RV1, are power 
supplies. They are. meaningless within a microcomputer program. 


H1 - H6 


These are the six signals which select one of six time durations for the printham- 
mer firing pulse. We will assign these signals to the 8212 I/O port. Once the 
printhammer firing instruction sequence gets executed, it simply loads these signals into the Ac- 
cumulator as follows: 


LDA H1H6 INPUT FIRING PULSE TIME CODE 
H1H6 is the four-character label representing the |/O port's ‘‘select’’ memory address 
INPUT SIGNAL SUMMARY 


In summary, this is how input signals have been assigned: 


HAMMER ENABLE 


8255 Port A 
{also Port 0) p CA-REL 
assigned to input EFR REL 
FFA 
RIB LFT RDY 
PFL REL 


8255 Port C EOR DET 
lalso Pon 2) L__6_} RESET 


PW STROBE 
RETURN STROBE 


assigned to input 
| 4. | 


8212 


OUTPUT SIGNALS 


We will now turn our attention to the output signals listed on the right-hand side 
of Figure 3-1. These signals are much easier to describe than the input signals. They consist-of 
six flip-flop outputs — which are simply timing indicators used by external logic — plus four con- 
trol signals. We are going to output these signals to the B and C lower ports of the 
8255 PPI as follows: 


assigned to output 


8255 Port B 
(also Port 1) 


ares 
aim 


START RIB MOTION 
8255. Port C HAMMER PULSE 
(also Port 2) | 1. | CHRODY 


assigned to output fo | PW RELEASE 


We assign a pin for FFC even though it is not output, because I/O Port 1 is going to serve a dou- 
ble purpose — as a data storage location and as an output signals’ buffer. Simple routines to 
generate output signals cannot be concocted; that is the whole purpose of the logic’ in Figure 
3-1. We will therefore simply define the four control signals: 


1) 


2) 


3) 


PW REL. This signal marks the end of the fixed printhammer return and set- 
tling time delay and the beginning of the fixed Final Movement's delay during 
which external logic can move the paper feed and carriage 

CH RDY. This is also referred to as the PRINTWHEEL READY signal. This is the 
signal which defines the entire print cycle time interval; it goes low at the start of 
the print-cycle and stays low until the end of the print cycle. 

HAMMER PULSE. This signal must be output low for the time interval during 
which external logic is supposed to transmit a firing pulse to the printhammer 
solenoid. 

START RIBBON MOTION PULSE. This signal is pulsed high early in the print 
cycle, telling external logic that it is safe to begin advancing the ribbon so that 
fresh ribbon will be in front of the printhammer when it is fired. 


A DIGITAL LOGIC ORIENTED SIMULATION 


We are now ready to start simulating the logic illustrated in Figure 3-1 — but first 
a brief overview of the logic. 


A LOGIC OVERVIEW 


At the center of the logic sequence are four 74107 flip-flogs, labeled FFCw, 
FFDw, FFEw and FFFw. You will find these flip-flops in the center and to the left of Figure 
3-1. These four flip-flops form what is known as a ‘Johnson Counter’’. Each flip-flop 
is controlled by the output of the previous flip-flop, coupled with a test for external conditions: 


Clock 


Master J 


Master K 


External 


Condition 
Thus the four flip-flops may be visualized as initiating print cycle events in the following way: 


FFC “on FFE “off 
FFD.""on FFE “on FFF “on FFC “off FFD “off FFF ‘ott 


A 


PW STROBE 
CH RDY 
—_—_——_—_— u 
HAMMER PULSE Variable 1 Fixed 1 Fixed 
Move required Printwheel 1 Variable Fed H Final | 
{ petar in front i settling 1 Hammer pulse # Famer return | movements 
of hammer time § width Band settling wmel delay 
Print cycle time interval 
Start of End of 
print print 
cycle | cycle 
Start Ribbon 
nbbon movement 
movement complete 


As illustrated above, the print cycle time interval may be divided into five periods 


During the first time interval the printwheel is moved from its position of visibility 
until the required petal is in front of the printhammer. This time interval is con- 
trolled by external logic, via the FFI input. 


The remaining four time intervals are controlled by three 74121 one-shots and the 
555 multivibrator. 


What about the two 7474 flip-flops at the top left hand corner of Figuie 3-1? 
These are simply cycle initiation logic. Flip-flop FFA is triggered by a combination of sig 
nals necessary for a print-cycle to begin. Flip-flop FFB acts as a switch for the four 74107 flip 
flops, forcing them to turn “off” in between print cycles. Flip-flop FFB does this by tying its Q out- 
put to the reset inputs of the 74107 flip-flops. This results in the 74107 flip-flops always being 
turned off if FFB is turned off: we will explain in more detail how this happens later on 
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We are now going to follow a print cycle through Figure 3-1. As we progress, we 
will create a microcomputer assembly language program that simulates the logic, 


device-by-device. 
7474 
FLIP-FLOP 


FLIP-FLOP FFAw 


Our print cycle begins at the 7474 flip-flop designated FFAw. 
You will find this flip-flop at the top, left hand corner of Figure 
3-1. Let us isolate FFAw, and illustrate it as follows: 


always ‘high, since 
tied to + 5V 


PR 


(or S) 


CH RDY Ignored. output 


PW STROBE Significant output 


(CHR RDY) OR (PW. STROBE) AND (NOT RESET) 
Refer back to the general function table for.a 7474 flip-flop, given in Chapter 2. 


Since PRESET (PR) is always high, being tied to_+5V. a low CLEAR (CLR) input will force the flip- 
flop ‘off’, at which time Q is output low and Q is output high. 


Look at.Figure 3-1 and you will see that CLR is generated as’ follows 


26 


CH RDY 


PW. STROBE 


RESET 


This is the truth table for CLR: 


0 0 0 0 0 


321 


For flip-flop FFAyy to turn ‘on’, CLR must be high; for‘CLR to be high, RESET must be low, and 
either CH RDY or PW STROBE must be high. 


Now CH RDY provides FFAw with its data (D) input, and PW STROBE provides the clock (C) input. 
Therefore the function table for flip-flop FFAy may be illustrated as follows: 


CLOCK 
(PW 
—— (CH RDY) 
1 


“off condition 


possible ‘‘on’’ conditions 


It takes a O to 1 transition of PW STROBE for flip-flop FFAy to turn on. When FFAW turns on, 
however, if CH RDY is 0, then the ra Output is still 1, representing the “off” condition. Thus, to 
turn FFAy “‘on’’, PW STROBE must go from 0 to 1 while CH RDY is 1. 


Recall that CH RDY is a signal which is output high in, between print cycles and is output low for 
the duration of a print cycle. This means that flip-flop FFAyy will only turn on if PW STROBE 
pulses high in between print cycles, as characterized by CH RDY being output high: 


PW STROBE 


CH RDY 


In between 


Print Cycles 
Print Cycles 


Start 
of 
Print Cycle 


For the moment do not worry about how CH RDY goes to 0 shortly after flip-flop FFAy turns on 
We will explain how this happens later. The only important thing to note is that a PW STROBE 
high pulse will be ignored if it occurs while CH RDY is low 


What about the RESET signal? What this signal does is over- 

ride all other logic associated with flip-flop FFAw; whenever 

RESET is input high, CLR is forced low which turns flip-flop FFAw off irrespective 
of whatever else is going on. 


SIMULATING FLIP-FLOP FFAw 


We concluded in Chapter 2 that a flip-flop is represented in a microcomputer system by a single 
bit of read/write memory. A single bit of a read/write buffer will do just as well. 


1/0 Port 1 has been assigned to output signals. This port FLIP-FLOP 
has an 8-bit buffer to which port pins are connected: thus SIMULATION 
each bit of the port buffer will simulate the flip-flop USING 1/0 


whose output is transmitted via the port pin: PORTS 


4/O Port 


Pin transmits 


Output signal 


Buffer bit 
simulates 
thp-flop 


Recall that FFA has been assigned pin 0 of 1/O Port 1. 
O.K., we are ready to simulate flip-flop FFAw. 


At the same time, how about simulating the three gates below and to the left of 
FFAw? These three gates are numbered 26, 27, and 37 and together they create 
the CLR input. 


Simulating these three gates individually, the following instruction sequence ap- 
plies: 


‘SIMULATE GATE 27 


IN 2 ‘INPUT 1/O PORT 2 CONTENTS TO ACCUMULATOR 
CMP ‘COMPLEMENT ALL EIGHT BITS 
ANI 40H ‘ISOLATE BIT 6; IT REPRESENTS RESET COMPLEMENT 
MOV BA ‘SAVE COMPLEMENT IN REGISTER B 
‘SIMULATE GATE 26 
IN 2 ‘INPUT I/O PORT 2 CONTENTS TO ACCUMULATOR 
ANI 22H ISOLATE BITS 5 AND 1; THEY REPRESENT 
MOV CA ‘PW STROBE AND CH RDY. SAVE-IN CPU REGISTER C 
‘SIMULATE GATE 37 
JZ CLRO ‘IF BITS 1 OR 5 DO NOT EQUAL 1, CLR IS 0 
MOV A.B ‘TEST COMPLEMENT OF RESET BY MOVING 
AND A ‘TO ACCUMULATOR AND ANDING WITH ITSELF 
JZ CLRO :IF RESULT IS 0, CLR IS 0 
MVI D.1 :CLRIS 1 SO STORE 1 IN D, BIT O 
JMP FFAW 
CLRO MVI D.O :CLR IS 0 SO STORE 0 IN D, BIT 0 
:SIMULATE FLIP-FLOP FFAW 
FFAW MOV A.D :TEST STATUS OF CLR BY MOVING D.TO 
RRC ACCUMULATOR AND SHIFTING BIT 0 INTO CARRY 
JNC FFAO ‘IF CLR IS 0, SET 1/O PORT: 1, BIT 0 TO 1 
MOV AC ;CLR IS NOT 0. TEST PW STROBE 
ANI 20H ‘IF PW STROBE IS 0, CLOCK HAS NOT. PULSED 
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JZ FFAO ‘SET BIT 0 OF 1/O°PORT 1 TO 1 


MOV A.C :PW STROBE IS 1. TEST CH RDY 
ANI 02H :IF_CH RDY IS 0, SET BIT 0 OF 1/0 PORT 1 TO 0 
JZ FFAO 
IN 1 ;LOAD 1/0 PORT 1.INTO ACCUMULATOR 
ANI F7H ‘BIT O MUST BE RESET TO 0, SINCE FFA IS “ON” 
OUT 1 
JMP FFB JUMP TO FLIP-FLOP B SIMULATION 

FFAO IN 1 ;LOAD 1/0 PORT 1 INTO ACCUMULATOR 
ORI 1 ‘BIT 0 MUST BE SET TO 1 SINCE FFA IS “OFF” 
OUT 1 


‘FLIP-FLOP FFB SIMULATION FOLLOWS 


It is very important that you understand how instructions fit together to make a program. Read no 
further until you understand completely how the instruction sequence given above simulates the 
logic of FFAyw and its three associated gates. 


Let us look at the above simulations. 


The RESET signal, you will recall, has been tied to bit6 of the 8255 1/0 | INVERTER 

Port C; this port isaddressed as |/O Port:2, based on the way in which we | SIMULATION 
have elected to wire the 8255 PPI into our microcomputer system. In 

order to invert this signal, we input the contents of I/O Port 2 to the Accumulator, complement 


the contents of the Accumulator, then isolate the complement of RESET by setting all bits of the 
Accumulator to 0, bar bit 6 


from 1/O Port 2 
IN 2 XXX XXX Xx x x to Accumulator 
CMP XXX XK XX Complement 
ANI 40H 01000000 Isolate bit 6 
0x000000 


The complement of RESET is saved temporarily in CPU Register B. The simulation of gate 27 
is complete. 


The simulation of gate 26 is not quite as straightforward. | oR GATE 

We are seeking the OR of PW STROBE and CH RDY. These two sig- | SIMULATION 
nals are represented by bits 5 and 1, respectively, of 1/O Port 2. Now 
what we do is load the contents of |/O Port 2 into the Accumulator, STATUS FLAGS 
then execute an ANI instruction which sets all bits to 0, bar bits 5 and USED TO 

1. But we do not actually OR these two remaining bits. Why? The REPRESENT 
reason is because when the ANI instruction is executed, it sets the LOGIC 

Zero status to the complement of (PW STROBE) OR (CH RDY): 


Accumulator Contents 
Zero 
Se AO ‘ilo Status 
Z = o- 


PW STROBE wh 


CH RDY 


Following ANI instruction 
execution, Zero status is 
complement of PW 
STROBE OR CH RDY. 
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that’ Zero statuses’ ‘always represent the inverse of the: 0 condition, _In other words, ad cond 
arid the. Zero erste: to. be: ‘set to 1; “anonieere condition ¢ causes the Zero status torbe set 


The first instruction if the gate 37 simulation takes advantage of the: fact that | ‘we shine: the OR Of 
PW.ST ROBE.and CH ‘ROY. recorded in the Zero status.-If the Zero status is, 1,,CLR must be.0, 8 
- the first JZinstruction branches: tologic that will set bit 0 of CPU: Register D to. 0. The nex! a 


: AND. If the complement of RESET is 0. then the JZ instruction which. ‘fol will 
|» branch to program logic which sets bit 0 of CPU Register D to'0. If the complement of RESET. 
| of: Rak rervall, poles been met for gate.; 37, to. output a nonzero result ==and: 


o WE CLRig O:then Gis 1 "Es : ae . 
le if PW STROBE is 0 then Ois 1. 7 

b rae HLCLR is 1 and PW STROBE is 1 and CH ROY is O then Gis 1. ache #1 
: sb ate PAN. SOREN 4 nod GA FONG thn O68, ce rs indy, 


simu b Dit’ 1 of the c register. ae 
The simulation of flip-flop FFA begins with the instruction labeled FFAw. 


~ First we test the status of CLR- ‘by: moving the D Register’ contents to the 7, 
U Aaolinieiiatsr and shifting bit O-into the Carry status. These two steps are. 
~ ~~ necessary. since 8080. shift-instructions only work on the contents of the poe 
a “Accumulator. If the Carry is 0, then.bit 0 of the D Register: must be 0, which means that CLRis 0: 
~ therefore, we branch to instructions which set bit oO of 1/0 Port 1 to. 1. (Observe that Gis iwborngi t 


Of the C Register t to the Accumulator, ats isolate the PW STROBE bit by ANDing: with an ap~* 
. propriate mask.-If PW. STROBE i is 0. we must ‘again branch to instructions which | set Bess of /O- 
Pont 1 to \ A 


dbexceriote. mask. eve returning the result: 


ae 76543210 BitNo> © ~*~ ot “\ i 
nh XXKKARK Accumulator. contents eae sale SE 
fad AAS 0. © PR Se : , uM ; 

2 HRB RKO! 


The last three instructions of the flip-flop FFA simulation are the three in 
structions which set bit 0 of 1/O Port 1 to 1(reflecting the fact that flip-flop 
FFA 1s “‘off’’.) These three instructions load the contents of 1/O Port 1 into 
the Accumulator, OR with the appropriate mask, then return the result: 


76543210 Bit No 
XXXXXXXY Accumulator contents 
00000001 1 

XXXXXXX1 OR 


SWITCHING 
A BIT ON 


Now in all honesty, the program sequence we have just described is a ridiculous 
way of simulating flip-flop FFA and its three associated gates. 


It is ridiculous because we simulated each gate as an independent transfer func- 
tion. Instead, let us consider the flip-flop, with its three gates, as a single transfer 
function. We can represent the transfer function with the following state defini- 
tion: 


Set G to 0 if RESET = 0, CH RDY = 1 and PW STROBE goes from 0 to 1. Set Qto1 
otherwise. 


How are we going to test for the transition of PW STROBE from 0 to 1? 


Using interrupts, the test would be very simple; but we are not going to use interrupts until 
Chapter 5 


Without using interrupts, there is only one way to check | SIGNAL LEVEL 

for a PW STROBE 0 to 1 transition. We must input the contents | CHANGES SENSED 
of 1/O Port 2 to the Accumulator, isolate bit 5, save the result, input | WITHOUT 

the contents of I/O Port 2 to the Accumulator again. isolate bit 5 INTERRUPTS 

again, then compare the two bits for an old value of O and a new 
value of 1. But this scheme is risky; it will only catch signal transitions which are lucky enough to 
occur in between the two instructions which load 1/O Port 2 contents to the Accumulator: 


PW STROBE 


Missed! Hit! 


‘) represents execution of first IN 2 instruction 
© represents execution of second IN 2 instructior 


Within the logic of a microcomputer program, however, we | EVENT TIMING IN 
‘ have.no need to rely on signal transitions. Event sequences | MICROCOMPUTER 
are determined by instruction.execution sequence. The | SYSTEM 

whole concept of timing on the leading or trailing edge of a 
signal pulse has no meaning. Instead of using PW STROBE signal transitions, 
therefore, we will use PW STROBE signal levels. Flip-flop FFA can now. be de- 
scribed with the following state definition: 


Set G to 0 if RESET equals 0, CH RDY equals 1 and PW STROBE equals 1. Set G to 
1 otherwise. 


3-26 


If you are a logic designer, you may be deeply troubled by the | TIMING 
blithe way in which we simply replace edge triggering with }| AND LOGIC 
level triggering. We can do this within a microcomputer | SEQUENCE 
system because microcomputer programming gives us an ex- 
tra degree of freedom, as compared with digital logic design: The order in which 
you stuff logic components into a PC card has nothing to do with the sequence in 
which logical events occur. Logic sequence is going to be controlled by edge and 
level triggering. But the order in which you write assembly language instructions 
is the order in which the instructions will be executed. 


To.drive this point home, look at the following flow chart which represents the state definition for 
flip-flop FFA; 


Load 1/0 Por 2 
into Accumulator 


\solate bit 7 
(CH RDY),; bit 5 
(PW STROBE) and 
bit_6 (RESET) 


Test 
PW STROBE 


Each rectangular box represents a. data movement or manipulation operation. 
Each diamond represents logic which tests the condition of a status flag. 


The order in which you: write down instructions is the order in which instructions will be ex- 
ecuted. With regard to the flow chart above, this execution sequence is represented by the con- 
tinuous line of downward pointing arrows. Special Jump-On-Condition instructions allow: the nor- 
mal sequence to be modified, as represented by the horizontal arrows emanating from the sides 
of the diamonds. You can follow the arrows to the point where the Jump-On-Condition instruc- 
tion. takes you. 


We will now rewrite the flip-flop FFA simulation treating the flip-flop and the 
three CLR logic gates as a single transfer function. 


Since RESET, CH RDY and PW STROBE are all connected to pins of |/O Port 2, we load the con- 
tents of |/O Port 2 into the Accumulator and isolate all three bits. Now there is only one combina- 
tion of values that these three bits can. have if a. new print cycle is to begin. RESET must equal 0, 
while CH RDY and PW STROBE both equal 1. We will therefore redraw our program flow chart as 
follows: 


Load 1/O Port 2 
into Accumulator 


Isolate bit 1 (CH RDY); 
bit 5 (PW STROBE) 
Vand bit 6 (RESET) 


Does 
Accumulator 
contain 
00100010 


Our instruction sequence condenses to the following few instructions: 
‘SIMULATION OF FFA AND ASSOCIATED LOGIC 


IN 1 ‘INITIALLY SET BIT 0 OF I/O PORT 1 TO 1 
ORI 1 
OUT 1 


;LOAD 1/O PORT 2 CONTENTS INTO ACCUMULATOR 
;AND ISOLATE BITS 1, 5 AND 6 FOR CH RDY, 
;PW STROBE AND RESET, RESPECTIVELY 


L10 IN 2 ‘INPUT 1/0 PORT 2 TO ACCUMULATOR 
ANI 62H ‘ISOLATE BITS 6, 5 AND 1 
CPI 22H ‘IF RESET =.0, CH RDY = 1 AND 
JNZ L10 :PW STROBE = 1, NEW PRINT CYCLE STARTS 
IN 1 :OTHERWISE RETURN TO L10. START NEW 
ANI FEH ;PRINT CYCLE BY SETTING I/O PORT 1, BITO TOO 
OUT 1 


:NEW PRINT CYCLE INSTRUCTION SEQUENCE STARTS HERE 


The first three instructions in the above sequences simply set bit 0 of |/O Port 1 to 1. This is in an- 
ticipation of a new print cycle not beginning. Four instructions, beginning with the instruction 
labeled L10, are all that is needed to check for conditions which trigger the start of a new print cy- 
cle: These four instructions execute in 34 clock cycles which, assuming a 500 nanosecond clock, 
means that PW STROBE must pulse high for at least 17 microseconds. 


Providing RESET equals O-while CH RDY and PW: STROBE equals 1, anew print cycle must begin, 
so the last three instructions set bit O of 1/O Port. to 0: 


Our simulation of flip-flop FFA is complete. 


FLIP-FLOP FFBw 


The. next device in our logic sequence is another 7474 flip-flop, marked FFByy in, Figure 3-1; it is 
just-to. the right of FFAyy. This flip-flop: may. be illustrated-as follows: 


am ——____ 
FFA.(Q) AND-RETURN STROBE 


PR 
(or-S} 


FFE(Q) 


NOT-RESET 


The following function. table describes FFB, as wired above, with its D input tied to 0: 


pth 
Chapter 2 provides the standard. 7474 flip-flop function table;.allwe have done is remove the D 
column, and the rows that show D =.1. We caralso remove the CLR column; and all rows that 


show CLR = 0, since’CLR is tied to NOT RESET. NOT RESET will always be 1 within a_print cycle, 
since FFA ‘will not-turn: on if NOT RESET: is 0. 


The following simplified function table can now be used for FFB, assuming that 
CLR (NOT RESET) will always be 1 and D will always be 0: 


FFA (OQ) AND 
RETURN STROBE 
=PRESET 


Let-us take’a look at the FFB PRESET input; it is FFA (Q) AND. RETURN STROBE. 
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RETURN STROBE, recall is a signal input by external logic to initiate a | PRINTWHEEL 
special print cycle which moves the printwheel back to its position of { REPOSITIONING 
visibility, but does not fire the printhammer, or print a character. We {| PRINT CYCLE 
call this a ‘‘Printwheel Repositioning” print cycle. In between print cy- 
cles, therefore, RETURN STROBE must be input high. 


Since RETURN STROBE is input low as an alternative method of initiating a print 
cycle, when simulating FFB, we are going to have to consider RETURN STROBE 
two ways: 

1) As acontributor to the PRESET input. 

2) As a signal which can initiate a print cycle, bypassing flip-flop FFA. 

But first, let us define the condition of flip-flop FFB in between print cycles. 

As we have just seen in our simulation of flip- flop F FFA, the FFA (Q) output is high until the begin- 

ning of a print cycle, when a goes low; the FFA (G) output is therefore high in between print cy- 
cles. By definition, RETURN STROBE is high in between print cycles, since RETURN STROBE low 


is used to initiate a printwheel repositioning print cycle. Therefore, the FFB PRESET input 
will be high in between print cycles: 


1 


RETURN STROBE 


FFA (Q) 


PRESET 


Since PRESET is input high in between print cycles, we are going to assume that at the beginning 
of a print cycle FFB is off: that is, Q is output low and C Ois output high. This also assumes that at 
some recent time PRESET was input high when the © output of flip-flop FFE went from 0 to 1. 
As you will see later on, this is indeed what happens at the end of every print cycle. 


Coming into a new print cycle, therefore, FFB has a high PRESET input, with a 
high Q output and a low Q output. This flip-flop now acts as a switch: it is turned 
on by PRESET being input low; it is subsequently turned off by a clock 0 to 1 tran- 
sition occurring after PRESET has again gone high: 


PRESET 


CLOCK 


oO 


Switch Switch 
“on’ off” 


The switch “on” illustrated above occurs under two circumstances: 


1) Immediately after the onset of a new print cycle, when FFA outputs ro) low, thus forcing 
PRESET Jow. 


2) When RETURN STROBE is input low signaling a printwheel repositioning print cycle. 
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The switch “off” occurs when the FFE (Q) output makes a low to high transition while PRESET is 
being input high; this. occurs at the end of every print cycle. 


SIMULATING FLIP-FLOP FFB 


Bit 1 of I/O Port 1 has been assigned to the Q output of flip- | SWITCHING 
flop FFB. The switch ‘‘on”’ illustrated above is therefore simul- | BITS ON 


ated by the following three instructions: 


IN 1 ;LOAD FLIP-FLOP DATA BYTE 
ANI FDH ‘RESET BIT 1 TO O 
OUT 1 ;RESTORE FLIP-FLOP DATA BYTE 


This is how the ANI instruction works: 


7654:3.2 10 Bit No. 
XXXXXXYX Accumulator contents 
LIVVAITG1 FDH 

XXXXXXOX AND 


SWITCHING 
Subsequently the switch “‘off’’ will be simulated as follows: BITS OFF 


IN 1 LOAD FLIP-FLOP DATA BYTE 
ORI 2 ‘SET BIT 1 TO 1 
OUT 1 ;RESTORE FLIP-FLOP DATA BYTE 


This is how the ORI instruction works: 


76543210 Bit No. 
XXXXXXYX Accumulator contents 
00000010 2 

XXXXXX1X OR 


We now encounter a situation where, with every best intention, we are not going 
to be able to directly simulate our digital logic. 


It is easy enough to draw one 7474 flip-flop in a logic diagram and connect its pins to suitable sig- 
nals. Having done that, you no longer need to worry about when a signal does, or does not 
change state. Unfortunately, an assembly language instruction sequence has no pins or signals; 
assembly language will simulate events that are occuring at one instant at a time 
only. For flip-flop FFB, this may be illustrated as follows: 


Y 


gd 


eK XX 
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See 
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cLock 3 
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Immediately after flip-flop FFA turns on to usher in a new print cycle, it outputs 1 low, which in 
turn switches flip-flop FFB on. FFB will not switch off until some point much later in the print cy- 
cle, when FFE outputs O high. We must therefore divide our simulation of FFB into two 
parts: 


1) At the beginning of our program we will simulate FFB switching on, since chronologically it is 
the next event within-the print cycle. 

2) Later on in the program, when we simulate FFE setting re) high, we must remember to simul- 
ate FFB switching off. 


But that is not all there is to the FFB simulation. We must also modify the instruction se- 
quence that executes in between print cycles, so that RETURN STROBE input low 
can be simulated initiating a printwheel repositioning print cycle. 


With modified or new instructions shaded, this is how our program now looks: 


IN-BETWEEN PRINT CYCLES PROGRAM EXECUTION 
ANITIALLY SET 1/0 PORT 1 BIT 1°70. 0, BIT O:TO: 1: 


IN 1 ‘INPUT I/O PORT 1 TO ACCUMULATOR 
ORI 1 ‘SET BIT O 
ANI JFDH = > BESEY BH te 
OUT 1 ;RETURN RESULT 
TEST FOR RETURN STROBE LOW: - ss : 
AO De ‘INPUT VO PORT: 10 ‘ACCUMULATOR 
; ANI AGH JSOLATE RETURN STROBE 
Ages ere ANF TAS see JUMP TO: FFB SIMULATION 


“SIMULATION OF FFA AND ASSOCIATED LOGIC 

‘LOAD 1/0 PORT 2 CONTENTS INTO ACCUMULATOR AND 
‘ISOLATE BITS 1, 5 AND 6 FOR CH RDY, PW STROBE 
‘AND RESET, RESPECTIVELY 


IN 2 INPUT 1/0 PORT 2 TO ACCUMULATOR 

ANI 62H ‘ISOLATE BITS 6, 5 AND 1 

CPI 22H IF RESET =0, CH RDY = 1 AND PW STROBE = 1, 

JNZ L10 ‘START NEW PRINT CYCLE. OTHERWISE RETURN TO L10 
IN 1 ‘TO START NEW PRINT CYCLE, SET 

ANI FEH 1/0 PORT 1, BITO TOO 

OUT 1 


‘NEW PRINT CYCLE SEQUENCE STARTS HERE 
‘SIMULATE FLIP-FLOP SWITCHING ON 


FFB” IN ae 
ee ANI FDH 
OUR rk 


We are not quite finished with our eintsletion of flip-flop FFB. Observe that the 
output from FFB goes to: 

1) A 7411 AND gate, located approximately at co-ordinate B6. 

2) A 7432 OR gate, located at A7. 

The FFB (Q) output is not idle either, but we will look into it later. 

First consider the 7411 AND gate located at B6. 


If you refer back to the description of output signals, you will notice that CH RDY was declared to 
be high in between print cycles, but low during a print cycle. 


In reality, CH RDY is output by the 7411 AND gate located at B6; therefore, in between print cy- 
cles, all three inputs to this AND gate must be high. Our analysis of flip-flop FFB shows that its Q 
output will indeed be high in between print cycles, but for the moment you must take it on faith 
that the other two signals input to the AND gate will also be high in between print cycles. 


An any ween, ta ttodiee flip-flop FFB evtitotiog on, its a oltiutipdes low, wiles 
means that no matter what the other two inputs to the 7411 AND gate do, CH | 
RDY will also be driven low. This change in the status of CH RDY is simulated by 
adding the following two instructions to our program: 


_;TEST FOR RETURN STROBE LOW 


L10 INS eg O22 sINPUT /0 PORT 2 TO-ACCUMULATOR 
ANI 10H ISOLATE RETURN STROBE 
JZ ~ FFB iF IT IS 0, JUMP TO FFB SIMULATION 


‘SIMULATION OF FFA AND ASSOCIATED LOGIC 

;LOAD 1/0 PORT 2 CONTENTS INTO ACCUMULATOR AND 
‘ISOLATE BITS 1, 5 AND 6 FOR CH RDY, PW STORE 
:AND RESET, RESPECTIVELY 


IN 2- sINPUT I/O PORT 2 TO ACCUMULATOR 
ANI 62H ISOLATE BITS 6,5 AND1 
. CPI 22H | . ;IF RESET =0, CH RDY = 1 AND PW STROBE = 1, 

JNZ L10- START NEW PRINT CYCLE. OTHERWISE RETURN TO L10 

IN 1 :TO START NEW PRINT CYCLE, SET 

ANI FEH 1/0 PORT 1, BITO TOO 

OUT 1 2 
;NEW PRINT CYCLE SEQUENCE STARTS HERE 
:SIMULATE FLIP-FLOP FFB SWITCHING ON 
FFB. IN 1 :LOAD 1/0 PORT 1 INTO ACCUMULATOR 

ANI FDH :RESET BIT 1 TO 0 


OE = t -RESTORE RESULT 


We are now faced with an interesting problem. CH RDY becomes the D input to flip-flop FFA and 
it contributes to the CLR input of FFA. What happens when CH RDY goes low in 
response to FFB switching on? 


Notice that PW STROBE only pulses high; therefore the OR gate located at co-ordinate B2 relies 
_ on CH RDY being high in order to provide a high input to the following AND gate. This AND gate, 
in turn, provides a high CLR input to flip-flop FFA. In other words, by the time flip-flop FFB turns 
“on” and -switches CH RDY low, PW STROBE will have already gone low: thus inputs PW. 
STROBE and CH RDY will both be low. If you look back at flip-flop FFA’s CLR truth ta- 
ble, you will find that when CH RDY and PW STROBE are both 0, CLR will always © 
be O. 


Therefore flip-flop FFA will switch off: 


PW STROBE 
CH RDY 


FFA (Q) 


Fre (O) 


What does this mean? Our conclusion is that flip-flop FFA switches itself ‘‘on'’ at 
the beginning of a print cycle, but only stays on long enough to switch flip-flop 
FFB ‘‘on’’. When FFB turns ‘’on’’, it sets CH RDY low, and that turns flip-flop FFA 
“off”. 


But here is the rub: if you look again at Figure 3-1, you will | TIMING 
find that flip-flop FFA helps generate the J input to flip-flop | AND LOGIC 
FFC, in addition to switching-on flip-flop FFB. SEQUENCE 


Now that events are serialized in time, we can go ahead and 

simulate flip-flop FFA being turned ‘‘off’’, so long as we remember, when simulat- 
ing flip-flop FFC, that it receives Q low from flip-flop FFA. Bearing this precaution 
in mind, we will extend our program as follows: 


‘TEST FOR RETURN STROBE LOW 


L10 IN 2 , INPUT 1/O PORT 2 TO ACCUMULATOR 
ANI 10H ISOLATE RETURN STROBE 
JZ FFB IF IT IS 0, JUMP TO FFB SIMULATION 


‘SIMULATION OF FFA AND ASSOCIATED: LOGIC 


:LOAD 1/0 PORT 2 CONTENTS INTO ACCUMULATOR AND 
ISOLATE BITS 1, 5 AND 6 FOR CH RDY, PW STROBE 
‘AND RESET, RESPECTIVELY 
IN 2 ‘INPUT 1/O PORT 2 TO ACCUMULATOR 
ANI 62H ‘ISOLATE BITS 6, 5 AND 1 
CPI 22H ;IF RESET = 0, CH RDY = 1 AND PW STROBE = 1, 
JNZ L10 SSTART NEW PRINT CYCLE. OTHERWISE RETURN TO L10 
IN 1 ‘TO START NEW PRINT CYCLE, SET 
ANI FEH ‘I/O PORT 1, BITO TOO 
OUT 1 


;NEW PRINT CYCLE SEQUENCE STARTS HERE 
‘SIMULATE FLIP-FLOP FFB SWITCHING ON 


FFB IN 1 ;LOAD 1/0 PORT 1 INTO ACCUMULATOR 
ANI FDH ‘RESET BIT 1 TO O 
OUT 1 ‘RESTORE RESULT 
‘SIMULATE 7411 AND GATE SWITCHING CH RDY LOW 
IN 2 INPUT 1/0 PORT 2 TO ACCUMULATOR 
ANI FDH ‘RESET BIT 1 TOO 
OUT 2 ‘RESTORE RESULT 
SCH ROY LOW. TURNS FFA OFF.'SET-BIT-0:0F 1/0 PORT 170 1 
N= 1 "LOAD 1/0 PORT 11NTO ACCUMULATOR 
“ORI i SET-BITO-TO 4 
eee -RESTORE RESULT 


Now look at the OR gate located at co-ordinate A7. This gate receives the FFB O output 
as one of its inputs in order to generate PW REL. The other input to this OR gate is the AND of 
the Q output from flip-flop FFF, plus the Q output of flip-flop FFD. You will find out shortly that 
these flip-flops are also turned “‘off’’ in between print cycles; they are turned on sequentially dur- 
ing the course of the print cycle. At the point where FFB switches on, FFF will be switched off, 
which means that its Q output will be low; thus, the AND gate located at A6 will output low. 
which means that OR gate 26 has been relying on the high Q output from FFB in order 
to output PW REL high: 


26 


FFB (Q) 


FFD (0) 


FFF {Q) 


Now, when FFB switches ‘’on’’ and outputs G low, PW REL will also output low. 
We must therefore modify our program to output bits 0 and 1 of I/O Port 3 low, 
since both PW REL and CH RDY are both going to be driven low. This is how our 
Program now looks: 


:TEST FOR RETURN STROBE LOW 


L10 IN 2 ‘INPUT 1/0 PORT 2 TO ACCUMULATOR 
ANI 10H ‘ISOLATE: RETURN STROBE 
JZ FFB IF IT 1S 0, JUMP TO FFB SIMULATION 


SIMULATION OF FFA AND ASSOCIATED LOGIC 

;LOAD 1/0.PORT 2 CONTENTS INTO ACCUMULATOR AND 
ISGLATE BITS 1, 5 AND 6 FOR CH RDY, PW STROBE 
‘AND RESET, RESPECTIVELY 


IN 2 INPUT 4/0 PORT 2 TO ACCUMULATOR 

AN| 62H ‘ISOLATE BITS 6, 5 AND 1 

CPI 22H IF RESET = 0, CH RDY = 1 AND PW STROBE = 1 

JNZ L10 :START NEW PRINT CYCLE. OTHERWISE RETURN TO L10 
IN 1 ‘TO'START NEW PRINT CYCLE, SET 

ANI FEH 1/0 PORT 1, BITO TOO 

OUT 1 


/NEW PRINT CYCLE SEQUENCE STARTS HERE 
‘SIMULATE. FLIP-FLOP FFB SWITCHING ON 


FFB IN 1 ‘LOAD 1/0 PORT 1 INTO ACCUMULATOR 
ANI FDH ‘RESET BIT 1 TOO 
OUT 1 ;RESTORE RESULT 


‘SIMULATE 7411 AND GATE SWITCHING CH RDY LOW 
‘ALSO SIMULATE 7432 OR GATE SWITCHING PW REL LOW 


IN od :INPUT 1/0 PORT 2 TO ACCUMULATOR 
ANI FCH~—_- :RESET BITS O AND 1 T0.0 
OUT 2 ;RESTORE: RESULT 
:CH _RDY LOW TURNS FFA OFF. SET BIT 0 OF I/O PORT 1 TO 1 
IN 1 sLOAD 1/0 PORT 1 INTO ACCUMULATOR 
ORI 1 ‘SET BIT.0 TO 1 
OUT 1 ;RESTORE RESULT 


Do we have to do anything about the Q output from flip-flop FFB? If you look at 
this output you will see that it ties directly to the RESET inputs of flip-flops FFC, 
FFD, and FFE. It also becomes one of the inputs to the 555 multivibrator. 


In fact, the FFB O output is a-clamping signal; when low, it shuts the four connected devices off; 
when. high, these four devices are switched on- 


The FFB Q output will be taken into account when we simulate the four devices 
connected to this signal. Therefore, our simulation of flip-flop FFB is done. 


FLIP-FLOP FFC 


This is the 74107 flip-flop at co-ordinate C2 in Figure 3-1. Since we are going to simulate four 
74107 flip-flops, you should refer back to Chapter 2 if you cannot immediately recall the charac- 
teristics of this device. 
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Let us isolate flip-flop FFC to see how it works: 


FFF (O) 


RETURN STROBE 
AND-FFA (Q) 


CLOCK 


FFF (QO) 


FFB (Q) 


IK 
mputs 


In between print cycles, the Q output of FFB, being low, switches flip-flop FFC 
off. FFC, therefore, outputs Q low and Q high. 

What happens when FFB is switched on depends on the J and K inputs arriving at FFC 

In between print cycles flip-flop FFF is switched off. therefore its Q output will be low. FFC 
receives its K input from the FFF Q output, therefore when FFC switches on, its K input will be 0 


The J input to FFC is generated as follows: 


RETURN STROBE 
FFB PR (or $) input 


FFA (QO) 


FFF (Q) will be high, since FFF is switched off. The FFC J input will therefore be identical to the 
FFB PR input, which we have already described. 
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In summary, this is the signal sequence which turns FFC on: 


CLOCK eo 
as 

PW STROBE 
FFA (Q) 

O 

, Yi 
K % 
lLZo 
FFB (Q) (/ 

FFC(Q) 


When the FFB Q output goes high, unclamping FFC, FFC waits until the FFAQ output goes high 
again; then FFC will receive a high input at J and a low input at K. On the trailing edge of the next 
clock pulse input to FFC, Q will be output high and QO will be output low. 


FFC waits for the FFA Q Output to go high again, because while FFA is switched on, Cis Output 
low. While FFA (Q) (or RETURN STROBE) is pulsed low. FFC receives a low J input. So long as FFC 
is receiving low J and K inputs, its outputs will not change — that is one of the properties of a 
74107 flip-flop 


Flip-flop FFC will remain in its ‘‘on’’ state until some later point in the print cycle 
when flip-flop FFF switches on. At that time, flip-flop FFC will receive a high input 
at K and a low input at J; and that will cause FFC to switch off. 


SIMULATING FLIP-FLOP FFC 


The simulation of flip-flop FFC is indeed straightforward; it involves these three 
steps: 


1) We must adjust our initialization instructions to ensure that flip-flop FFC is re- 
ported as ‘‘off’’ in between print cycles. 

2) The flip-flop FFB simulation must be followed immediately by instructions 
which simulate flip-flop FFC turning on. 

3) We must remember to simulate FFC turning off — but that will not happen un- 
til some later point in the program. 


Now the following modifications to the beginning of our program insure that flip-flop FFC is 
simulated “‘off” in between print cycles: 

IN BETWEEN PRINT CYCLES PROGRAM EXECUTION 

INITIALLY SET I/O PORT BITS 2 AND 1 TO 0. BITO TO 1 


IN 1 sINPUT 1/O PORT 1 TO ACCUMULATOR 
ORI 1 ‘SET BIT O 
ANI FOH ‘RESET BITS 2 AND 1 
OUT 1 ‘RETURN RESULT 

‘TEST FOR RETURN STROBE LOW 

L10 IN 2 INPUT 1/0 PORT 2 TO ACCUMULATOR 
ANI 10H ISOLATE RETURN STROBE 
JZ FFB ‘IF IT IS 0, JUMP TO FFB SIMULATION 


All we have done is modify the AND. mask to include. I/O Port bit 2 among the bits reset to 0: 


Accumulator 
Contents 
76543210 <—Bit No. 
IN 1 XXX XXRXX 
ORI 1 0000 ogo 1 
XXXXXKX 1 
ANI FOH 11111601 
XXXXXOOT 


Recall that 1/O Port bit 2 has been assigned to flip-flop FFC. 


What about the time delay that separates flip-flops B and C | TIMING AND 
switching on? Recall that flip-flop FFC will not switch on until after flip- | LOGIC 

flop FFB has switched flip-flop FFA off. If this is a printwheel repositioning SEQUENCE 
print cycle, then FFC will not switch on until RETURN STROBE is input 
high again. 


The simplicity or complexity of our timing problem depends entirely on logic 
beyond Figure 3-1. There is nothing within the logic of Figure 3-1 that demands a time delay 
of fixed duration or, for that matter, any time delay separating FFB and FFC switching on. We will 
therefore pay no attention to the timing considerations associated with FFC switching on, rather 
we will simply add simulation instructions to the end of our program as follows: 


;NEW PRINT CYCLE SEQUENCE STARTS HERE 
‘SIMULATE FLIP-FLOP FFB SWITCHING ON 


FFB IN 1 ;LOAD 1/0 PORT 1 INTO ACCUMULATOR 
ANI FDH ‘RESET BIT 1 TOO 
OUT 1 ‘RESTORE RESULT 


‘SIMULATE 7411 AND GATE SWITCHING CH RDY LOW 
;ALSO SIMULATE 7432 OR GATE SWITCHING PW REL LOW 


IN 2 INPUT I/O PORT 2. TO ACCUMULATOR 
ANI FCH ;RESET BITS 0 AND 1 TO 0 
OUT 2 ;RESTORE RESULT 
:CH RDY LOW TURNS FFA OFF. SET BIT.0 OF I/O PORT 1 TO 1 
1 ;LOAD 1/0 PORT 1 INTO ACCUMULATOR 
1 SET BITO TO.1 


RESTORE RESULT _ 
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If you are beginning’to think like a programmer, you will detect-an oppor- |. PROGRAMS 
tunity for economy in the simulation of flip-flop FFC switching on. Ob- | MADE 
serve that the three instructions directly above (B) are also | SHORTER 
setting a bit of 1/0 Port 1 to 1. This generates the following se- 
quence of events: 


Input to Accumulator Input to Accumulator 
IN 1 XXXXXXXX IN 1 XXXXXXX1 a 
ORI 1 00000001 ORI 4 00000100 
OUT 1 ‘a OUT 1 ‘ee 
Output to 1/0 Output to I/O 
Port 1 Port 1 


We can combine the two operations as follows: 


IN 1 XXXXXXXX 
ORI 5 00000101 
XXXXX1X1 


The instructions marked (8) now disappear, and are replaced by these modifica- 
tions, marked ©): 


‘SIMULATE FLIP-FLOP FFB SWITCHING ON 


FFB IN 1 ;LOAD 1/O PORT 1 INTO ACCUMULATOR 
ANI FDH ‘RESET BIT 1 TO 0 
OUT 1 ;RESTORE RESULT 


‘SIMULATE 7411 AND GATE SWITCHING CH RDY LOW 
sALSO SIMULATE 7432 OR GATE SWITCHING PW REL LOW 


IN 2 INPUT 1/O PORT 2 TO ACCUMULATOR 
ANI FCH ‘RESET BITS 0 AND 1 TO O 
OUT 2 ‘RESTORE RESULT 


:CH RDY LOW TURNS FFA OFF. SET BIT 0 OF I/O PORT 1 TO 1 
;ALSO SIMULATE FFC TURNING ON. SET BIT 2 OF 1/0 PORT 1 TO 1 


IN 1 ‘LOAD 1/0 PORT 1 INTO ACCUMULATOR 
POR acne = Oe EBS 2 ANDO TOL: 
OUT 1 ‘RESTORE RESULT 


Our simulation of flip-flop C switching on is complete. 
START RIBBON MOTION PULSE SIMULATION 


Recall that early in a print cycle the START RIBBON MOTION output signal is 
pulsed high to trigger external logic which advances the ribbon; thus when the 
printhammer fires, fresh ribbon is in front of the character being printed. The 
START RIBBON MOTION signal is generated by a 7411 AND gate (number 7) lo- 
cated at co-ordinate C7 in Figure 3-1. This AND gate has three inputs: 

1) HAMMER ENABLE FF. This is a signal input to-identify a printwheel repositioning print cycle. 
2) The Q output from flip-flop FFC. 

3) The O output from flip-flop FFD. 

HAMMER ENABLE FF will be high unless a printwheel repositioning print cycle is in progress, in 
which case the ribbon does not have to be moved. This signal, therefore, suppresses the START 
RIBBON: MOTION pulse. 
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In between print cycles, flip-flops FFC and FFD are both switched off: therefore FFC (Q) is low and 
FFD (Q) is high. The FFC (Q) output holds the START RIBBON MOTION signal low. 


When FFC switches on during a normal print cycle, all inputs to AND gate 7 will be 
high, so START RIBBON MOTION will pulse high; it will stay high until flip-flop 
FFD switches on, at which time FFD will output Q low; and that wil! drop START RIB- 
BON MOTION pulse low. Timing may be illustrated as follows: 


HAMMER ENABLE FF 


FFC (Q) 
FFD (Q) 


START RIBBON MOTION 


If you look at the timing diagram illustrated in Figure 3-2, you will see that the START RIBBON 
MOTION output pulse is extremely short. Therefore, instead. of using flip-flop FFD to time the end 
of the START RIBBON MOTION HIGH PULSE, we will simply execute instructions to turn 
bit 3 of 1/O Port C on, then immediately turn it off, as follows: 


:NEW PRINT CYCLE SEQUENCE STARTS HERE 
‘SIMULATE FLIP-FLOP FFB SWITCHING ON 


FFB IN 1 ;LOAD 1/0 PORT 1 INTO ACCUMULATOR 
ANI FDH /RESET BIT 1 TOO 
OUT 1 ;RESTORE RESULT 


sSIMULATE 7411 AND GATE SWITCHING CH RDY LOW 
;ALSO SIMULATE 7432 OR GATE SWITCHING PW REL LOW 


IN 2 sINPUT 1/0 PORT 2 TO ACCUMULATOR 
ANI FCH ‘RESET BITS 0 AND 1 TO 0 
OUT 2 ‘RESTORE RESULT 


:CH RDY LOW TURNS FFA OFF. SET BIT 0 OF 1/O PORT 1 TO 1 
:ALSO SIMULATE FFC TURNING ON. SET BIT 2 OF 1/O PORT 1 TO 1 


IN 1 ‘LOAD 1/O PORT. 1 INTO ACCUMULATOR 
ORI 5 ‘SET BITS 2 AND 0 TO 1 
OUT 1 ;RESTORE RESULT 
SPULSE START RIB MOTION HIGH 7 
IN 2 INPUT vo PORT 270. ACCUMULATOR 
OR a= 8 SELB a Hic <= 
OUT. 2 OUTPUT RESULT ree 
ANI F7H - TURN BIT 3 OFF 
OUT 2 ‘OUTPUT RESULT 


We can calculate the START RIB MOTION pulse width by | PULSE WIDTH 
adding the instruction execution times between pin 3 of | CALCULATION 


1/O Port 2 being set high, then being reset low: 


Cycles Instruction 
~JO0p__. OUT__ _ 2 ;OUTPUT RESULT 
7 ANI F7H ‘TURN BIT 3 OFF 
_10 OUT 2 :OUTPUT RESULT 


Pulse width=17 cycles, or 8.5 
microseconds using a 500 nanosecond clock. 
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What happens next? Our logic sequence may take us to flip-flop FFD, to the right 
of FFC, or we may drop down to the 74121 one-shot number 36, just below and to 
the right of FFC. 


One-shot 36 has its two A inputs tied to ground, which means that they will both input low. If 
you look at the 74121 function table given in Chapter 2, you will find that in this configuration, a 
one-shot output is triggered by a low-to-high transition at B. FFC (0) provides this trigger. Any 

other B input will keep this one-shot turned off — which means that Q and a will output low. 
and high, respectively, until much later in the print cycle, when FFC switches off; 
that is when the FFC 0 output makes a low-to-high transition. 


Flip-flop FFD becomes the next device to be simulated. 
FLIP-FLOP FFD 


Flip-flop FFD receives its J input directly from the FFC (Q) output; it receives its K input from the 
FEC (Q) output. Remember, since one-shot 36 is still switched off, its Q output will be high; that 
means AND gate 12 will simply allow the FFC (G) output to propagate straight through, to 
become the FFD (K) input. 


Now, flip-flop FFD receives the same reset and clock signals as FFC, therefore flip-flop FFD 
will simply switch on one clock cycle later than flip-flop FFC. 


SIMULATING FLIP-FLOP FFD 


The simulation of flip-flop FFD is almost identical to the simulation of flip-flop FFC; 
the principle difference is that bit 3 of !/O Port 1 has been assigned to flip-flop FFD. Once again, 
we are going to limit ourselves to switching flip-flop FFD on and ensuring that its setting in bet- 
ween print cycles is correct. 


Flip-flop. FFD is switched off later in the print cycle; we must therefore remember to switch off 
{ater in the program. 


Here are the necessary program modifications and additions: 
IN SE TEEN PRINT airs PROGRAM. EXECUTION 


INPUT V/ 0 PORT 1 TO ACCUMULATOR 
‘SET BIT O -_ 


1 -RETURN RESULT 


‘TEST FOR RETURN STROBE LOW 

L10 IN 2 INPUT 1/0 PORT 2 TO ACCUMULATOR 
ANI 10H ‘ISOLATE RETURN STROBE 
JZ FFB. _ . ;IF (TIS 0, JUMP TO FFB SIMULATION 


‘SIMULATE FLIP-FLOP FFB SWITCHING ON 


FFB IN 1 ;LOAD I/O PORT 1 INTO ACCUMULATOR 
ANI FDH ‘RESET BIT 1 TO 0 
OUT 1 ;RESTORE RESULT 


‘SIMULATE 7411 AND GATE SWITCHING CH RDY LOW 
:ALSO SIMULATE 7432 OR GATE SWITCHING PW. REL LOW 


IN 2 :INPUT I/O PORT 2 TO ACCUMULATOR 
ANI FCH :;RESET BITS 0 AND 1 TO 0 
OUT 2 :RESTORE RESULT 


:CH RDY LOW TURNS FFA OFF. SET BIT O OF I/O PORT 1 TO 1 
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‘ALSO SIMULATE FFC TURNING ON. SET BIT 2 OF I/O PORT 1 TO 1 


IN 1 ;LOAD:1/O PORT 1 INTO ACCUMULATOR 
ORI 5 ‘SET BITS 2 AND 0 TO 1 
OUT 1 ‘RESTORE RESULT 
;PULSE START RIB MOTION HIGH 
IN 2 sINPUT 1/0 PORT 2 TO ACCUMULATOR 
ORI 8 ‘SET BIT 3 HIGH 
OUT 2 ;OUTPUT RESULT 
ANI F7H ‘TURN BIT 3 OFF 


;OUTPUT RESULT 


If the program modifications and additions illustrated above are not immediately obvious, com- 
pare them to the flip-flop C simulation. Do not go on if you do not understand the flip-flop FFD 
program changes 


Just as the simulation of FFC switching on@)was absorbed into the FFB | PROGRAMS 
simulation (@)), so the simulation of FFD switching on ((E)) can | MADE 
be absorbed as follows: SHORTER 


‘NEW PRINT CYCLE SEQUENCE STARTS HERE 
‘SIMULATE FLIP ~ FLOP FFB SWITCHING ON 


FFB IN 1 ;LOAD 1/0 PORT 1 INTO ACCUMULATOR 
ANI FDOH ‘RESET BIT 1 TOO 
OUT 1 ;RESTORE RESULT 


‘SIMULATE 7411 AND GATE SWITCHING CH RDY LOW 
:ALSO SIMULATE 7432 OR GATE SWITCHING PW REL LOW 


IN 2 INPUT I/O PORT 2 TO ACCUMULATOR 
ANI FCH ‘RESET BITS 0 AND 1 TO 0 
OUT 2 ‘RESTORE RESULT 


CH RDY.LOW TURNS FFA OFF. SET BIT 0 OF I/O PORT 1 TO 1 
ALSO-SIMULATE FEC AND: FFD TURNING ONJSET BITS SAND 2:-0F 1/0-PORT 1-104 


IN 1 ;LOAD 1/O PORT 1 INTO ACCUMULATOR 
ORI 00H “SET BITS'S.2 AND OTO 1 
OUT 1 ;RESTORE RESULT 
;PULSE START RIB MOTION HIGH 
IN 2 INPUT 1/O PORT 2 TO ACCUMULATOR 
ORI 8 ‘SET BIT 3 HIGH 
OUT 2 OUTPUT RESULT 
ANI F7H [TURN BIT 3 OFF 
OUT 2 OUTPUT RESULT 


If the simulations are combined (©). flip-flops FFC and FFD will switch on at ex- 
actly the same instant in time. 


The logic in Figure 3-1 shows FFD switching on one clock pulse after FFC. If the 
clock period is two microseconds, then there will be a two microsecond delay 
between flip-flops FFD and FFC switching on. Both our simulations are wrong. 


Does this matter? We honestly cannot tell with the informa- | TIMING AND 
tion at hand. We do not know how external logic uses the FFC and FFD | LIMITS OF 
outputs. If the switching time interval between these two flip- | SIMULATION 
flops has te be very close to 2 microseconds, then our simula- 
tion is not going to work. Either the two flip-flops must become part of “external logic’, or 
some other means of simulating the eventual overall function must be found. 
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If external logic demands some switching time delay, but is not fussy about the 
' length of the time delay, then our simulation of flip-flop FFD is adequate. 


It is quite possible that the logic in Figure 3-1 shows a switching time delay bet- 
ween flip-flops FFC and FFD only to define the leading and trailing edges of the 
START RIBBON MOTION pulse; but we have taken care of this high pulse by se- 
quentially executing instructions that output 1, then O to bit 3 of I/O Port 2. So far 
as logic internal to Figure 3-1 is concerned, therefore, the need for a switching time delay bet- 
ween flip-flops FFC and FFD disappears. This being the case, we will assume that external 
logic has-no need for a switching time delay between flip-flops FFC and FFD; and 
we will adopt the shorter, combined simulation identified by(F). 


FLIP-FLOP FFE 


The next device in our logic sequence is flip-flop FFE. The circuitry surrounding this flip- 
flop is almost identical to FFD. 


The FFE.(K) input is tied to the FFD (Q) output, switched by another component of AND gate 12. 
The other input to this AND gate is the Q output of one-shot 49. One-shot 49 is wired in the 
same way as one-shot 36, which we have just described. 


The transition of flip-flop FFD’s fe) output from 0 to 1 will occur when FFD is switched off; and this 
is the transition which will trigger one-shot 49. Therefore, one-shot 49 will output Q high 
until flip-flop FFD is switched off, which means that when FFD switches on, its 0 
output will propagate straight through the AND gate connecting it to the FFE (K) 
input: 


FFD (Q) 
FFE (K) 
PW READY ENABLE (G) 


0 to 1 transition switches That forces FFE (K) to be tow. 


High level propagates - 
= PW READY ENABLE (Q) low 


FFD (Q) “as is’ 


FFD () 


PW READY 
ENABLE (0) 


FFE (kK) 


Transmit FFD (6) 


unaltered 


Output FFE (K) 
low 


3-43 


The unique feature of flip-flop FFE is the way in which its J input is generated. This 
input is the AND of the FFD (Q) output and input signal FFI. Now, the Q output of FFD will go high 
as soon as FFD switches on; but FFI is input low from the beginning of the print cycle 
until the printwheel has correctly positioned itself. (We described the function of this 
input signal earlier in the chapter.) The timing associated with FFI may be illustrated as 
follows: 


FFI 
PW STROBE 
CH RDY 
(a eee a 
HAMMER PULSE Variable 1 Fixed 1 Fixed 
Move required@ Printwheel g Vanable Fixed Y Final | 
| : Hammer return # 
petal in front i settling t Hammer puise # 2™MMEr Teun movements 
of hammer 1 time H width and settling fines delay 
Print cycle time interval 
Start of End of 
print print 
cycle cycle 
Start Ribbon 
nbbon movement 
movement complete 


So long as FFI is low, flip-flop FFE will receive a low J input; low J and K inputs, you will recall, 
hold the Q outputs of a 74107 flip-flop in their prior condition. Thus input signal FFI has been 
used to create the first time delay of the print cycle: a variable time delay needed 
to move the required printwheel petal in front of the printhammer. Simulating this 
time delay is simple enough; it may be illustrated as follows: 


:PULSE START RIB MOTION HIGH 


IN 2 ‘INPUT I/O PORT 2 TO ACCUMULATOR 
ORI 8 ;SET BIT 3 HIGH 
OUT 2 -OUTPUT RESULT 
ANI F7H ‘TURN BIT 3 OFF 
OUT 2 -OUTPUT RESULT 
TEST VELOCITY DECODE INPUT-TO CREATE PRINTWHEEL MOVE DELAY 
VLDC IN 0 INPUT 1/0 PORT 0 TO ACCUMULATOR 
RLC “SHIFT BIT 7 INTO CARRY 
ING VEDC “STAY IN-LOOP IF- CARRY. IS 0 
AT END-OF DELAY SIMULATE FFE SWITCHING ON 
IN 1 sINPUT 1/0 PORT 14 
ANI DFH RESET BIT 5 
ORI 40H “SET BIT 4 
OUT { “OUTPUT. THE RESULT 


In order to generate the initial time delay. we simply execute a continuous TIME DELAY 
program loop which inputs the contents of |/O Port 0 to the Accumulator. | OF VARIABLE 
Bit 7 of I/O Port O has been assigned to input signal FFI. We test this bit | LENGTH 

by shifting it into the Carry status. If the Carry status then has a 0 content, 
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FFI must still be low; so we stay within the loop. As soon as a 1 is shifted | JUMP ON 
into the Carry status, the JNC instruction will create a ‘false’ result: the | NO CARRY 
next sequential instruction executes and we are out of the time delay 

loop: 


Jump on Not Carry means jump 
casks -_ 8 ) C=0 if Carry is O (Not 1). “Jump” 
JNC VLDC means “‘do not go on to the 
C=1 Cae 10H next sequential instruction”, 
ANI DFH instead go to VLDC 


The last four instructions of the FFE simulation show both outputs of this flip-flop 
becoming output signals. This meets requirements of Figure 3-1. We therefore reset 
bit 5 (it represents the O output) and we set bit 4 (it represents the Q input). 


The instruction sequence executed in between print cycles will have to be 
modified to ensure that bit 5 has initially been set to 1, while bit 4 has initially 
been reset to 0. Here are the required modifications: 


‘IN BETWEEN PRINT CYCLES PROGRAM EXECUTION 
ANFHALEY SET-170°PORT-BITS 4: 3-2-AND: 4-10: 0; BITS-5 AND -0-10:1 


IN 1 sINPUT I/O PORT 1. TO ACCUMULATOR 
ORI 21H: = {SET BIS: 5 AND 0:10:41 
ANI se oA RESET BITS 4; 3; 2 AND 1 TOO 
OUT 1 ;RETURN RESULT 

‘TEST FOR RETURN STROBE LOW 

L10 IN 2 ‘INPUT 1/O PORT 2 TO ACCUMULATOR 
ANI 10H ISOLATE RETURN STROBE 
JZ FFB IF IT IS 0, JUMP TO FFB SIMULATION 


PW SETTLING ONE-SHOT 


The PW SETTLING one-shot is the 74121 device at co-ordinate B5 in Figure 3-1. 
We have described this device in Chapter 2. With its two A inputs tied to ground, this one-shot 
is triggered by a low-to-high transition at its B input. Since the B input is tied to 
the FFE O output, this transition occurs as soon as flip-flop FFE switches on. 


The PW SETTLING one-shot has a two millisecond delay. This delay results from the 
external capacitor/resistor combination marked C1 and R1. Therefore as soon as FFE switches 
on; the PW SETTLING one-shot outputs O low for two milliseconds: 


FFE (Q) 
PW SETTLING (0) 


FFI 


PW STROBE 
CH RDY 
bh 
nme nmecee 
HAMMER PULSE Variable 1 Fixed, 2ms F 4 Fixed | 
Move required®@  printwheel 4 Variable ks H Final 
petal in front § settling 1 Hammer pulse 8 eonerreture I movements | 
oi harnenes i. ioe ! width and settling bier delay 
Pnnt cycle time interval 
Stan of End of 
print print 
cycle u cycle 
Start Ribbon 
ribbon movement 
movement complete 
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SIMULATING THE PW SETTLING ONE-SHOT 
Simulating the one-shot time delay is simple enough and may | ONE-SHOT 


be illustrated as follows: TIME DELAY 
;PULSE START RIB MOTION HIGH SIMULATION 
IN 2 INPUT 1/O PORT 2 TO ACCUMULA- 
TOR 
ORI 8 ‘SET BIT 3 HIGH 
OUT 2 :OUTPUT RESULT 
ANI F7H ‘TURN BIT 3 OFF 
OUT 2 OUTPUT RESULT 
[TEST VELOCITY DECODE INPUT TO CREATE PRINTWHEEL MOVE DELAY 
VLDC IN 0) ‘INPUT 1/O PORT 0 TO ACCUMULA 
TOR 
RLC ‘SHIFT BIT 7 INTO CARRY 
JNC VLDC :STAY IN LOOP IF CARRY IS 0 
‘AT END OF DELAY SIMULATE FFE SWITCHING ON 
IN 1 INPUT 1/O PORT 1 
ANI DFH :RESET BIT 5 
ORI 10H ‘SET BIT 4 
OUT 1 . !OUTPUT THE RESULT 
SIMULATE 2 MS PW. SETTLING TIME DELAY mes 
MYVI AO {LOAD ACCUMULATOR: WITH 0 
PWS DCR A jDECREMENT AW =” 
INZ PWS E-A- DOES: NOT: DECREMENT-TO-0, 
RE-DECREMENT. : 


There are some interesting variations in the PW SETTLING, two millisecond time delay loop il- 
lustrated. 


The time delay loop consists of just two instructions: the DCR A instruction 
decrements the contents of the Accumulator and the JNZ PWS instruction returns 
to DCR A if the Accumulator does not contain zero after the decrement is com- 
plete. These two instructions execute in 15 clock periods, which add up to 7.5 microseconds 
using a 500 nanosecond clock. 


By initially loading O into the Accumulator, these two instructions will be executed 256 times, 
since the first decrement of the Accumulator will take it from 0 to FF... Thus the total time 
delay is given by the following equation: 


256 x 7.5 + 3.6 = 1923.5 microseconds 


Initial Time to execute 
Accumulator Time to execute MVI A.O instruction 
contents DCR and JNZ 


instructions once 
1923.5 microseconds equals 0.19235 milliseconds. 


This is close enough to 2 milliseconds for our purposes. 


FLIP-FLOP FFF 


Once the PW settling one-shot has timed out, we are ready to fire the printham- 
mer. The 555 multivibrator is actually going to generate the printhammer firing 
pulse, but it is most important to ensure that the printhammer does not fire while 
any part of the print or carriage mechanisms are moving. The 555 one-shot is 
therefore triggered by flip-flop FFF which, in turn, is switched on by a J input that 
is the AND of many safeguard signals. Let us isolate flip-flop FFF and examine its 
inputs. 


PFL REL 
PFR REL 
CA REL 


RIB_LFT ROY. 
FFA 


PW SETTLING (Q) 
FFE (Q) 


CLK 


FFE (0) 


+5V 


With its Clear (R) input tied to + 5V, flip-flop FFF has the following function table: 


Inputs at Control outputs 
positive clock at negative clock 
CLOCK 


In between print cycles, FFE is “off, so the Kinput to FFF is high. The flip-flop FFF J input will be 
low ‘since the FFE (Q) output will be low, and FFE (Q) is one contributor to FFF (J). 


In between print cycles, therefore, flip-flop FFF is “‘off’’, since a low J input and a high 
K input generate steady outputs of OQ = 0, Q = 1; this is characteristic of a flip-flop in its “off” 
condition, 


Now when FFE switches on, it inputs a low K to FFF. So long as the J input is also 
low, no change occurs. As soon as the seven signals contributing to FFF (J) are all 
high, flip-flop FFF will receive a high J input; this will switch flip-flop FFF on —Q 
is then output high and Q is output low. 


SIMULATING FLIP-FLOP FFF 


Coming out of the simulation of FFE, we know that FFE (Q) and FFE (Q) have cor- 
rect levels for FFF to switch on. 


Coming out of the simulation of the PW SETTLING one-shot, the one-shot @ out- 
put must be high: 


PFL REL 
PFR REL 
CA REL 


RIB LET ROY 
FFA 


PW SETTLING (Q) 
FFE (Q) 


FFF (J) 


FFE (Q) FFF (K) 


All that is needed is to test the five remaining interlock signals; as soon as they 
are all high, we simulate flip-flop FFF switching on. This is the instruction se- 
quence: 


;PULSE START RIB MOTION HIGH 


IN 2 INPUT 1/0 PORT 2 TO ACCUMULATOR 
ORI 8 SET BIT 3 HIGH 
OUT 2 sOUTPUT RESULT 
ANI F7H ‘TURN BIT 3 OFF 
OUT 2 ;OUTPUT RESULT 
‘TEST VELOCITY DECODE INPUT TO CREATE PRINTWHEEL MOVE DELAY 
VLDC IN 0 INPUT 1/0 PORT 0 TO ACCUMULATOR 
RLC ‘SHIFT BIT 7 INTO CARRY 
JNC VLDC ‘STAY IN LOOP IF CARRY IS 0 
sAT END OF DELAY SIMULATE FFE SWITCHING ON 
IN 1 INPUT 1/0 PORT 1 
ANI DFH RESET BIT 5 
ORI 10H SET BIT 4 
QUT 1 OUTPUT THE RESULT 
‘SIMULATE 2 MS PW SETTLING TIME DELAY 
MVI AO ‘LOAD ACCUMULATOR WITH 0 
PWS DCR A :DECREMENT A 
JNZ PWS :IF A DOES NOT DECREMENT TO 0, 


;RE-DECREMENT 
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By now, you should be able to understand instructions as they. are added to the program. 


The first four instructions simply load in the contents of !/O Port 0 and test for 1s in the low order. x 
five bits. Until such time as all five bits are 1, the program will remain in oe sot instruction ROP 
that begins with IN 0 and ends with JNZ FFF. 


When bits 0. through 4 all equal 1, the CMA instruction changes all these bits to 0: 
; -. Accumulator Contents - 


FFF IN 0 XXX11111 : 
'CMA XXX00000 
ANI 1FH ©00011111 
00000000 Zero status = 1 
ce JNZ FFF Return to FFF only if Zero status =O - 
; ~ INS | Continue here if Zero status is 1 


; The JNZ instruction no-longer « deflects program. execution back to FFF, miner it sess i next: sa 
sequential instruction to be executed. 


The last three instructions simulate flip-flop FFF being switched on. Bit 6 of I/O Port 1 has been® 
assigned to FFF, therefore, this is the bit which has to be set to 1. 


We can make the final modification to the instruction sequence which copii 
sets flip-flop status in between print cycles. This is what we finish up with: 


TWEEN PRINT CYCLES PROGRAM EXECUTION 


T 1 TO ACCUMULATOR 


: my 


‘TEST FOR RETURN STROBE LOW 

Lio IN| *.2.. ‘INPUT 1/O PORT 2 TO ACCUMULATOR 
ANI). _10H_ ISOLATE RETURN STROBE 
JZ FFB sIF TAS 0, JUMP TO FFB SIMULATION 


What happens when flip-flop FFF switches on? 


The FFF (Q) output goes up to pin 9 of AND gate 37 at coordinate A6. This is part 0 
the logic which contributes to the PW REL signal. However the transition of the FFF (Q) 
output from low-to-high is not significant, since the other input to AND gate 37 Is the. 
FFD (Q) output which is currently low. The FFF (Q) output is connected to AND gate 37 to hold’. 
PW REL low early i inthe print cycle when FFD (O) is high. . . 


The FFF Q and G outputs contribute to the FFC J and K inputs. FFF (G)is one contribu 
tor to AND gate 12, the output of which becomes the FFC (J) input. The other contributor to this ° 
AND gate is the dutput of AND gate 37 at coordinate A3, which is constantly high by this time in- 
the print cycle; therefore, when the FFF (Q) output goes low the FFC (J) input also goes low. The ' 
K input to FFC is the FFF (Q) output. FFC will therefore switch off when K goes debe ~~ 
that will not happen until FFF switches on. a : 
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In our simulation, however, we are going to postpone FFC switching off until the 
end of HAMMER PULSE. This is because the purpose of FFC switching off is to 
trigger the PW RELEASE ENABLE one-shot, which creates the time delay needed 
by the printhammer to settle back. Thus instead of using parallel delays: 


' PW RELEASE ENABLE ONE-SHOT ' 
(Fixed Delay) ' 


| 


HAMMER H 

1 FIRING 1 EFFECTIVE PW RELEASE 

| PULSE | ENABLE DELAY 
(Variable Delay) 


we will implement serial delays, which more immediately meet logic needs: 


' HAMMER ; I 
I FIRING 1 PW RELEASE ENABLE ' 
PULSE ONE-SHOT (Fixed Delay) 


(Variable Delay) 


The hammer firing pulse is generated by the 555 one-shot. Therefore the 555 one- 
shot provides the next event in our chronological sequence; it is triggered by a low-to- 
high transition at pin 2. This pin input is created as follows: 


44 43 


FFC (Q) 


FFF (Q) 


This is thé sequence of events that must be simulated: 


595 (Q) 


FFF (Q) 


PW SETTLING (Q) 


FFI 


Pw STROBE 
CH RDY 
a et u 
HAMMER PULSE Variable | Fixed, 2ms 1 Fed 
Move required Printwheel 4 Vanable Fored ! Final | 
petal in front settling 1 Hammer pulse-8 Hammer return ' movements | 
of hammer time § width and settling umel delay 
Print cycle time interval 
Start of End of 
pant print 
cice | cycle 
Start ribbon Ribbon movement 
movement complete 
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THE 555 MULTIVIBRATOR 


Compare the way in which the 555 multivibrator has been wired in Figure 3-1 with the descrip- 
tion of the multivibrator, as given in Chapter 2; you will see that flip-flop FFB. switches the 
multivibrator ‘‘off’’ in between print cycles by inputting a low reset at pin 4. The flip- 
flop FFF (Q) output triggers the multivibrator, as we have just described 


The duration of the one-shot output pulse is controlled by in- | ONE-SHOT 
puts H1 through H6. One of these six inputs will be true while the | VARIABLE 
other five will be false; thus the multivibrator, once triggered, will outputa | PULSE 
one-shot which can have a “high” pulse with one of six possible dura- 
tions. 


The 555 multivibrator one-shot output is eventually inverted to become a hammer 
pulse output; however, for the hammer pulse output to occur, additional inputs to 
AND gates 37 and 38, located at co-ordinates B8 and C7, respectively, must also 
be high. We may represent the hammer pulse logic as follows: 


38 


955 (Q) 
—_—_—_——. 
HAMMER ENABLE FF 
HAMMER DISABLE 


HAMMER PULSE 
RESET 


We will simply have to test the HAMMER ENABLE FF input before generating a HAMMER PULSE 
output. 


The HAMMER DISABLE switch must be simulated. 

RESET we can ignore. since RESET logic is being simulated in between print cycles. 
SIMULATING MULTIVIBRATOR 555 

The simulation of the 555 multivibrator consists of the following logic sequence: 


1) Determine if conditions have been satisfied for a 555 one-shot output to be 
transmitted as a HAMMER PULSE output. 

2) Examine inputs H1 through H6. Based on these inputs, create one of six 
possible time delays. 

3) If conditions for a HAMMER PULSE output have been satisfied, translate the 
555 one-shot output into a HAMMER PULSE output. 


Let us first look at the HAMMER PULSE output enabling logic. Testing the condition of HAMMER 
ENABLE FF is simple enough. it has been assigned pin 6 of I/O Port 0. 


But there are no switches in assembly language programs; how are LOGIC EXCLUDED 
we going to simulate the hammer disable? We could assign the one | FROM 

temaining pin — pin 5 of I/O Port 0 to an input signal generated by an MICROCOMPUTER 
external switch. It would be just as simple to place this switch in the 
path of HAMMER ENABLE FF as follows: 


_ Pin 5 of 


— 
HAMMER ENABLE FF 1/0 Port 0 


1 HAMMER DISABLE 
¥, 


We will therefore ignore the hammer disable switch and enable a hammer pulse output providing 
the HAMMER ENABLE FF input is high. 

What about the six possible durations for the 555 multivibrator output? We de- 
scribed in Chapter 2 how a time delay can be created by loading a 16-bit value into two registers, 
then decrementing these registers within a program loop, remaining in the program loop until a 
decrement to zero occurs. Here the instruction loop is repeated: 


LXI D,T16 ;LOAD TIME CONSTANT INTO D AND E 
LOOP DCX D :DECREMENT DE 

MOV A.D ‘TEST FOR ZERO BY ORING 

OR - E :D AND E CONTENTS VIA ACCUMULATOR 

JNZ LOOP 


Selecting one of six possible time delays is as simple as selecting one of six possi- 
ble initial time constants. We can now simulate our 555 multivibrator as follows: 


IN 1 sINPUT 1/O PORT 1 TO ACCUMULATOR 
:SET BIT 6 TO 1 
THE 


Se name tmair tie vn bas ss Rowkt ~a ek 
Compared to the other devices we have simulated thus far, the 555 multivibrator requires a lot of 
simulation instructions. While it may look as though there is a lot to understand, the logic is, in 
fact, quite simple; so let us take it one piece at a time. 


Initially we test HAMMER ENABLE FF. HAMMER PULSE will be 


~ output low only if HAMMER ENABLE FF is high. The three instructions 
which test the status of HAMMER ENABLE are: 


IN 0 sINPUT I/O PORT 0 TO ACCUMULATOR 
ANI 40H ‘ISOLATE BIT 6 


JZ HPO ;IF ZERO, BYPASS SETTING HAMMER PULSE LOW 


There are two aspects of these three instructions which ‘need to be explained. First, there is the 
logic being implemented. We are determining if conditions have been. met for HAMMER. PULSE 
to be output low. If conditions have been met, then. HAMMER PULSE will:be-output low. im- 
mediately; if conditions have not been met, the JZ HPO instruction branches around the instruc- 
tion sequence that outputs HAMMER-PULSE low: 


| 0 
NI 40H Test HAMMER PULSE 
output conditions 
met, output HAMMER. PULSE 
low 
| H,DELY -. Start of time delay simulation 


\ 2 \ If conditions have been 


We output hammer pulse low before starting to compute the | EVENT 
duration of the time pulse; why is this? The reason is to save time. In- SEQUENCE 
structions which compute the length of the time delay can be executed at 


the beginning of the time delay: 


QUT instruction execution 


Duration of computed 
time delay 
Set 


. Execute ‘instructions 


HAMMER which-compute time 
PULSE 


low 


delay length 


We could just as easily have computed the time delay, then set HAMMER. PULSE low, then ex: 
ecuted the time delay; events would Have-occured chronologically as follows: 


QUT instruction execution 
—<$<—$_$__—__ Total time delay oe 
' 
' 


Duration of computed 
Compute Set time delay 
length of HAMMER 
time delay PULSE 
low 


Overlapping events in time makes a lot more sense. 


The actual method used to compute the time delay needs.a little explanation. At the end of 
our program, there will be 12 bytes of memory in which six 16-bit constants are 
stored. This is how the source: program will look: 


HPO LX! H,DELY ;LOAD. ADDRESS OF FIRST DELAY INTO HL 
LDA H1H6 ‘LOAD SELECTOR INTO ACCUMULATOR 

HP 1 RRC ‘ROTATE ACCUMULATOR, SET CARRY TO AO 
INX H INCREMENT HL CONTENTS BY 2 
INX H 
JNC HP 1 ‘IF RRC DID NOT SHIFT 1 INTO CARRY, RETURN 
MOV D.M ;LOAD. 16-BIT TIME DELAY CONSTANT INTO-DE 
INX H 
MOV E.M 
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~ TDLY DCX D “EXECUTE TIME DELAY LOOP 


MOV A.D 
ORA E 
JNZ TDLY 
‘OUTPUT HAMMER PULSE HIGH AGAIN 
IN 2 sINPUT 1/0 PORT 2 TO ACCUMULATOR 
ORI 4 SET BIT 2 TO1 


OUT 2 jOUTPUT RESULT 


SS 
ss. 


The letters p. q. r, s, tand u have been used to represent hexadecimal values. The six time delays 
can be represented by any numeric values, ranging from: 0000,, through FFFF,.. 


The address of the first memory byte in which the first time delay is stored is 
given by the expression DELY + 2. Suppose this memory location happened to be 


2138: 
se DATA 
weiinees MEMORY 
Addresses 


DELY is a label to which the value 2136 must be assigned. This assignment is made using an 
Equate directive, which would appear at the beginning of the program as follows: 


DELY EQU 1316H 
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Now we begin our computation of the time delay by loading the address DELY 
into the H and L registers. Assume that the label DELY has the value 2316H, as illustrated 
above. After the LX! H;DELY instruction has been executed this is the situation: 


CPU 
Registers DATA 
MEMORY 


Arbitrary 
Memory 


2138 
2139 
213A 
2138 
213C 
2130 
213E 
213F 
2140 
2141 


The next instruction, LDAH1H6, loads the contents of the 8212 8-bit buffer into.the Accumula- 
tor. The memory address which causes the buffer to select itself is represented. by. the label 
H1H6. Suppose this memory address is FFFF,,; then H1H6 would have. to be-assigned:the value 
FFFF,, using an.Equate. directive at the beginning of the program, as follows: 


DELY EQU 2316H 
H1H6 EQU FFFFH 


From our discussion Of input signals, recall that of the six inputs Ht through-H6, one signal will be 
high while the other five signals are low. Therefore, after the LDA instruction has ex- 
ecuted, the Accumulator will contain a 1 in one of the six low order bits: 


CPU 


Registers DATA Arbitrary 


Memory 
Address 


2138 
2139 
213A 
2138 
213C 
213D 
213€ 
213F 
2140 
2141 


LDA | HIH6 


8212 Buffer 


H6 H5 H4.H3-H2 H1 


We can compute the address of the required time delay by adding 2 DATA MEMORY 
to the contents of the H and L registers a number of-times given by | ADDRESS 
the position of the Accumulator 1 bit. This may. be illustrated as COMPUTATION 


follows: 


Q)shift Accumulator contents right one bit, and into carry: 


CPU z 
Registers bad pata —-Avbitrary 


Status MEMORY Memory 
a Address 


B.C 2138 
DE 2139 
HL 213A 
213B 
213C 
213D 
213E 
213F 
2140 
2141 


HP1.- RRC 


@)Add 2 to HL: 


CPU 


Registers Arbitrary 


Status DATA M 
ames memory,  VOmOY 


Address 


ATT TIT 
MR 2138 
2 2139 


213A 
2138 
213C 
213D 
213E 
213F 
2140 
2141 


Oli Carry status is not 1, go back to 1; otherwise HL contains the correct address 


CPU 
Registers 


ATLL 
aS | pp | 2138 
J aE Soe Ppp} 2139 


213A 


Status Memory 


Psa] 2198 
aes a 
42120 
ae 


213€ . 


JNC HP 1 


213F 


we ] 
Pr] 2140 
2 Ta 


2141 
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The logic to make the required address addition is provided by these four instructions: 


HP 1 RRC sROTATE ACCUMULATOR, SET CARRY.TO AO 
INX H ‘INCREMENT HL BY.2 
INX H 
JNC HP 1 ‘IF RRC-DID NOT SHIFT 1: INTO CARRY, RETURN 


Now that the correct time delay is addressed by the H and L registers, we load the 
appropriate 16-bit delay constant into D and E. Suppose H1 was the high input signal; 
this is the result: 


CPU 


Registers Carry 


DATA Arbitrary 


Status MEMORY Memory 


Address 


2138 
2139 
2134 
2138 
213C 
213D 
213E 
213F 
2140 
2141 


The selected address pppp: is moved to the D and E registers by the three instructions: 


MOV D.M :MOVE. CONTENTS OF BYTE 2138 TO D REGISTER 
INX H :ADDRESS BYTE 2139 
MOV E.M :MOVE CONTENTS OF BYTE 2139 TO E REGISTER 


The actual time delay is created by this instruction loop, which was described in 
Chapter 2: 


TDLY DCx D ;DECREMENT DELAY COUNTER 
MOV AD ‘TEST FOR 0 INDE BY ORING-D 
ORA E :WITH-E IN ACCUMULATOR 
JNZ TDLY ;RETURN IF NOT ZERO _ 


The last three instructions output HAMMER PULSE high, without making any test for 
whether HAMMER PULSE was low. This-logic will work since outputting HAMMER PULSE high, 
if it was already high, will have no discernable effect. Under these circumstances, the time re- 
quired to execute the last three instructions is simply. wasted. Since it would take three instruc- 
tions to test if HAMMER PULSE had been set low, the waste is justified. 
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Let us now give a little thought to the time it will take to | TIME DELAY 
compute the time delay. Execution times for relevant instructions .| COMPUTATION 


aré listed as follows: 


Cycles Instruction 
IN 2 
ANI FBH 
10 HPO oy ADE Hammer pulse low starts here 
13 LDA H1H6 
4 HP 1 RRC These four instructions 
5 INX H will be executed between 1 
5 INX H and 6 times. 26 cycles 
10 JNC HP 1 are in this loop. 
7 MOV D.M 
5 INX H 
7 MOV EM 
5 TDLY DCX D 
5 MOV A.D 
4 ORA E 
10 JNZ TDLY 
10 IN 2 
7 ORI 4 
10 OUT 2 


—<——— Hammer pulse low ends here 


™~ 


Assuming a 500 nanosecond clock, execution time is given by the expression: 
(46.5 + 12x N) microseconds 


where N is a number between 1 for the shortest pulse, and 6 for the longest pulse. Therefore ex- 
ecution times will range between 58.5 microseconds and 118.5 microseconds. 
These times must be subtracted from the delays subsequently generated. For ex- 
ample, suppose H1 high requires the 555 to output a one-shot signal which is high for 1.65 
milliseconds (approximately); then a delay of 1.6 milliseconds, added to a set up time of 58.5 
microseconds will suffice. 


THE PW RELEASE ENABLE FLIP-FLOP 


As soon as the 555 one-shot output becomes low again, flip-flop FFC is simulated 
switching off. When FFC switches off, its Q output makes a low-to-high transition 
and this triggers the PW RELEASE ENABLE one-shot. This is a 74121 one-shot, iden- 
tified by the 36 at approximately co-ordinate E2. The purpose of this one-shot Is to allow the 
printhammer time to settle back before any attempt is made to reposition the printwheel. This 
was illustrated as the fixed, hammer return and settling time delay. 


SIMULATING THE PW RELEASE ENABLE FLIP-FLOP 


This is really a two-part simulation; first we must simulate | TIME 
flip-flop FFC switching off, then we must execute an appropri- | DELAY 

ate time delay. A 3 millisecond time delay is sufficient. Instruc- 

tions which turn flip-flop FFC off will execute within the 3 millisecond time delay. The computed 
time delay will therefore be a little less than 3 milliseconds. Here is the appropriate instruction se- 
quence: 


JNC HP 1 AF RRC DID NOT SHIFT 1 INTO CARRY, RETURN 
MOV D.M /LOAD 16-BIT TIME DELAY CONSTANT INTO DE 
INX H 

MOV E.M 


ee 10 PORT 2 10 ACCUMULATOR - : 
‘SET BIT 270 1 } 
‘OUTPUT RESULT 


a ‘time constant F7H is ¢ equal to 24749. “The four preceding instructions execute in 34 microse-- 
~_conds, and the four instructions in the delay loop execute in 12 microseconds. Thesis the otal 
hee eR eile Reco. ge Pees ~ 
aa 247 x 12 + 34 = 2998 microseconds. : 


To he haves ie’ ellgpcondh ive Hl 1k eid number; 2.5 or 3:6 rrilbeddonds wi Id 


~ 


“ rng ined ar rien chips Himperinalecls it oma io ins- 


delay, se Sears het nae Spee nceien ot Or connegts.to the § 

RIBBON MOTION PULSE AND. gate, and to the 555 ane-shot rae logic; in neither case does” 
the Q high-to-low transition. have any. effect, The START RIBBON. MOTION. pulse signal i is already 
_low and the 555-one-shot is triggered by a low-to-high Q transition. The high-to- -low transi 
‘simply amie ina ‘tigger Hane, toa low: level which ene no simulation: 


The FFC (O) output is ANDed with the PW RELEASE ENABLE 6 one-shot in order to generate the 
FFD (K) input. The FFD (J) input comes directly from FFC (Q), therefore as soon as the PW 
RELEASE ENABLE one-shot goes high again, FFD will receive a low J input and a 
high K input: 


FFC FFD 


PW RELEASE ENABLE (Q) 


FFC (Q) 


FFC (Q) 
PW RELEASE ENABLE (Q) 


FFD (J) 


FFD (K) 
FFD FFD | FFD 


on” “no change | “off 


A low J and high K input to flip-flop FFD switches this flip-flop off; and that trig- 
gers the PW READY ENABLE one-shot. 


SIMULATING THE PW READY ENABLE ONE-SHOT 


Logic associated with this one-shot is almost identical to. the PW RELEASE ENABLE one-shot. 
FFD switching off causes a low-to-high Q output, which triggers the PW READY ENABLE one- 
shot. 


We must now simulate a 2 millisecond time delay; otherwise the next instruction se- 
quence is almost identical to the PW RELEASE ENABLE one-shot simulation and may be illustr- 
ated as follows: 


JNC HP 1 :IF RRC DID NOT SHIFT 1 INTO CARRY, RETURN 
MOV D.M ‘LOAD 16-BIT TIME DELAY CONSTANT INTO DE 
INX H 
MOV E.M 
TDLY DCX D ‘EXECUTE TIME DELAY LOOP 
MOV A.D 
ORA E 
JNZ TDLY 
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;EXECUTE A 3 MILLISECOND TIME DELAY 


LXI D.F7H  ;LOAD TIME CONSTANT. INTO D.E 
PWR1 = DCX D :DECREMENT DE 
MOV AD ‘TEST FOR ZERO RESULT 
ORA E 
JNZ PWR1 _—;REDECREMENT IF‘ NOT ZERO 
‘SWITCH FLIP-FLOP FFD OFF 
IN 1 ‘INPUT 1/0 PORT TO.ACCUMULATOR 
ANI F7H ‘SET BIT 3 TO0 
OUT 1 ;OUTPUT RESULT 
‘EXECUTE A 2 MILLISECOND TIME DELAY 
MvVI A.83H — :LOAD TIME CONSTANT INTO ACCUMULATOR 
PWR2 ~—DCR A :DECREMENT ACCUMULATOR 
JNZ PWR2 __ :-REDECREMENT IF NOT ZERO_ 
(SET PW REL HIGH” Z 
Ai aoa _ ANPUT 1/0 PORT TO ACCUMULATOR 
ORI 1 


eee eee 


Now the whole print cycle onda i ina = heesiel: The flip- fog FFD a ‘id da outputs become the 
FFE J and K inputs. Q is first ANDed with FFI which, at this time, is constantly high; therefore the 
moment FFD switches off, FFE receives a low J input. 


The FFE (K) input does not go high until the end_of the PW READY ENABLE one-shot, since the 
PW READY ENABLE Q output is ANDed with Q from FFD in order to generate FFE (K). 


FFE switching off is our next chronological event. 


FFE switching off, in turn, causes FFB and FFF to switch off. FFB is switched off by the 
low-to-high transition of FFE (Q) which becomes the FFB clock input. FFF switches off because 
its J and K inputs are tied directly to the Q and rol outputs of FFE. 


Once FFB and FFF have switched off, all conditions have been met for CH RDY to 
go high again, providing EOR DET is not signaling the end of ribbon: 


EOR DET 
FFB (G) CH ROY 
FFF (G) 
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Thus we may conclude our simulation as follows: 


JNZ PWR1 ;REDECREMENT IF NOT ZERO 
‘SWITCH FLIP-FLOP FFD OFF : 
IN 1 ‘INPUT I/O PORT 1 TO ACCUMULATOR 
AN\ F7H SET BIT 3 TOO 
OUT 1 ;OUTPUT RESULT 
;EXECUTE A 2 MILLISECOND TIME DELAY 
MVI A.83H ‘LOAD TIME CONSTANT INTO ACCUMULATOR 
PWR2 DCR A :DECREMENT ACCUMULATOR 
JNZ PWR2 ;REDECREMENT IF NOT ZERO 
SET PW REL HIGH 3 
IN 2 sINPUT !/O PORT 2 TO ACCUMULATOR 
ORI 1 ‘SET BITO TO 1 
OUT 2 sOUTPUT RESULT 


es 


SIMULATION SUMMARY 


The complete simulation program developed in this chapter is given in Figure 3-3. 


We can conclude that an absolutely exact, one-for-one simulation of digital logic 
using assembly language instructions within a microcomputer system is not feasi- 
ble; but then it is not particularly desirable. 


If you are not a digital logic designer, you will probably be very confused by the various signal 
combinations required within the logic of Figure 3-1. A great deal of what is going on has nothing 
to do with the ultimate requirements of the Qume printer; rather, it reflects one logic designer's 
internal logic implementation, aimed at insuring appropriate external signal sequences under all 
conceivable circumstances. 


If you are a logic designer, chances are you would have implemented the specific requirements 
of the Qume printer interface in a totally different way; you may even be grumbling at the imple- 
mentation. 


The important point to bear in mind is that digital logic contains innumerable 
subtleties which are specific to discrete logic devices. These subtleties are not 
tied to the requirements of the overall implementation. 


Now assembly language has its own set of subtleties, which also have nothing to 
do with the ultimate implementation; rather, they are aimed at making most effective use 
of individual instructions or instruction sequences. 


It should therefore come as no surprise that an exact duplication of digital logic, using assembly 
language, is neither feasible nor desirable. So we will move away from digital logic and start treat- 
ing a problem from a programming viewpoint. 7 
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ASSEMBLY 
LANGUAGE 
VERSUS 


The principle difference between digital logic and assembly 
language is that assembly language treats events 
chronologically, while digital logic segregates logic into func- 
tional nodes. Thus, one logic device may be responsible for a number 
of events occurring at different times during any logic cycle; when transl- 
ated into an assembly language program, each event becomes an isolated 
instruction sequence. 


DIGITAL 
LOGIC 


In Figure 3-1 for example, the print cycle began with a cascade of flip-flops switching on and 
ended with the same flip-flops switching off. In many cases a flip-flop switching on triggered one 
event. while the same flip-flop switching off triggered an entirely different event. Within an as- 
sembly language program, the two events will have nothing in common. Each event will be 
represented by a completely independent instruction sequence occurring at substantially different 
parts of the program. 


The other major difference between digital logic and assembly language is the 
concept of timing. Within synchronous digital logic, as illustrated in Figure 3-1, timing is bound 
to clock signals and the need for clean signal interactions. Within an assembly language program, 
timing results strictly from the sequence in which instructions are executed. Moreover, whereas 
components in a digital logic circuit may switch and operate in parallel; within. an assembly 
language program everything must occur serially. 


Now the key concept to grasp from this chapter is that there is nothing inately 
correct about digital logic as a means of implementing anything. The fact that we 
have been unable to exactly duplicate digital logic using assembly language instructions does not 
mean that assembly language is in any way inferior; it simply means that assembly language is 
going to do the job in a different way. 


Having spent our time in Chapter 3 drawing direct parallels between assembly language and 
digital logic, we will now abandon any attempt to favor digital logic. Moving on to Chapter 4, the 
logic illustrated in Figure 3-1 will be resimulated —- but from the programmer's point of view. 


\ 
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TES Fon ooo ee rencceMae. 2 
PR ge So UT MG POR 2 CONTENTS 0 ACCLMULAT 

Sa, oa - (SHIFT BIT 7 INTO. CARRY 

2 INES 3 ~Lopt “IF ZERO IN CARRY, STAY IN PRINT rele. 

LIN. BETWEEN. PRINT CYCLES ‘PROGRAM ‘EXECUTION | 

-ANITIALLY SET 1/0 PORT BITS 6, 4, 3, 2. AND 1 TO.0. 6 ANDOTO1 

IN © NPUT:/O PORT. 1 TO: ACCUMULATOR 


* 


3 ORT “tin SET BITSSANDOTOT 
Losers “ANL >. ATH: :RESET BITS 6,4, 3, 2 AND 1100. 
ue ~ QUT 91, RETURN’RESULTS:- 


ee Henbal coh prausrioe ice Hoe id 
US BNO SIN Seda 2 CINPUTO PORT 2 TO ACCUMULATOR x 
ANI 10H ISOLATE.RETURN STROBE Py 

aS FFB. IFAT IS-0. JUMP TO FFB SIMULATION iat ge Sa 
“SIMULATION OF FFA AND ASSOCIATED LOGIC. eee 
LOAD. 1/0 PORT 2.CONTENTS INTO: ACCUMULATOR AND — Fagg) oe 


~ aISOLATE BITS 1, 5 AND 6 Ne CH RDY. Pe AOE 
ae ‘AND FERS: RESPRCUIELE 


“INE Sebi ee “INPUT vo PORT 2TO ACCUMULATOR 
i “ANI 62H “ ASOLATE BITS 6, 5 AND-1 
| ; See cena 1.) 1 “IF RESET=0, CH RDY = TANG Mae OREST : ‘ 
4 shaman eae ae. .~ @START NEW PRINT CYCLE: OTHERWISE RETURN T ed 
Bc Rte MEIN : ane ~ STO. START NEW PRINT’ CYCLE, SET. 2 

: ANI. > FEH VO PORT 1. BIT.0 TOO eae 
to ENE | ond g 
~NEW PRINT CYCLE SEQUENCE STARTS HERE oy 
_ SIMULATE FLIP- FLOP FFB SWITCHING ON ~ Poa Be 

FFB. aN. “1... .;LOAD 1/0 PORT 1 INTO RONNIE 


~ ANE FDA is: ‘RESET BIT. 1 TOO. 
“OUT © 1 RESTORE RESULT ae 
SIMULATE 7411 AND GATE SWITCHING CH RDY LOW.» 


3b 


ALSO SIMULATE 7432 OR GATE SWITCHING PW REL wo x 
“SS IND 2 INPUT .1/O PORT 2 TO ACCUMULATOR s 
“ANI FCH > GRESET BITSOAND1TOO. 


Sane SOM Bed DRESTORE RESULT Neil ae 
“CH ROY-LOW TURNS FFA OFF. SET BIT 0 OF 1/0 PORT 1 oe ee Baer 


Pi cineeae CoM © 4 LOAD 1/0: PORT 1 INTO ACCUMULATOR 
[ ies COR SODAS? SET BS.3, 2 ANDO TAT 2s 


ee SOUR TS fsck | :RESTORE RESULT at ce ee 
bet PULSE START RIB MOTION HIGH. # 
tsa: SING 2 yo TNPUT V0 PORT 2 70 ACCUMULATOR a 
Levee Cee SRE A Bo eS SEPSIS HIGH ae wae 
| eet oe OUT 2 OUTPUT RESULT Ae Gta 
[etre ee! AN’ FT TURNBIT3 OFF 2S ween a8 
UTS 2 $OUTPUT RESULT oak yilsee 
“TEST VELOCITY DECODE INPUT TO CREATE PRINTWHEEL. MOVE DELAY WF 


ie “woe IN 0. INPUT 1/0 PORT 0 TO ACCUMULATOR 
pee Re REG Sg U2 SHIRT BETS FANFO-GARRY =! i 
© SS INC MEDC! STAY IN-LOOPYF CARRY ISO 


Peek Te come Simulation itor Bt 


:AT END OF DELAY SIMULATE FFE SWITCHING ON 


IN 1 ‘INPUT 1/O-PORT 1 

ANI DFH ;RESET BIT 5 

ORI 10H ‘SET BIT 4 

OUT 1 ‘OUTPUT THE RESULT 
‘SIMULATE 2 MS PW SETTLING TIME DELAY 

MVI AO ;LOAD- ACCUMULATOR WITH 0 
PWS DCR A ;DECREMENT A 

JNZ PWS ‘IF A DOES NOT DECREMENT TO 0, 


;RE-DECREMENT 
:SIMULATE FLIP-FLOP FFF SWITCHING ON 


FFF IN 0 sINPUT I/O PORT 0 CONTENTS TO ACCUMULATOR 
CMA ;COMPLEMENT TO TEST FOR ALL 1 BITS 
ANI 1FH ‘ISOLATE BITS 0 THROUGH 4 
JNZ FFF ‘IF THERE WERE ANY 0 BITS, STAY IN LOOP 
IN 1 sINPUT I/O: PORT 1 TO ACCUMULATOR 
ORI 40H ‘SET BIT 6 TO 1 
OUT 1 :OUTPUT THE RESULT 
‘TEST HAMMER ENABLE FF 
IN 0 sINPUT |/O PORT 0 TO. ACCUMULATOR 
ANI 40H ‘ISOLATE BIT 6 
JZ HPO. ‘IF ZERO, BYPASS SETTING HAMMER PULSE LOW 


;HAMMER ENABLE FF IS HIGH, SO HAMMER PULSE 
:MUST BE OUTPUT LOW. THEREFORE SET BIT 2 OF 
1/0 PORT 3 TO 0 


IN 2 sINPUT 1/O PORT 2 TO ACCUMULATOR 

ANI FBH ‘SET BIT 2 TOO 
OUT 2 ;OUTPUT RESULT 

;COMPUTE TIME DELAY 

HPO LXI H,DELY ;LOAD DATA ADDRESS BASE INTO HL 
LDA H1H6 ;LOAD SELECTOR INTO ACCUMULATOR 

HP 1 RRC ;ROTATE ACCUMULATOR, SET CARRY TO AO 
INX H INCREMENT HL CONTENTS BY 2 
INX H 
JNC HP 1 :IF RRC DID NOT SHIFT 1 INTO CARRY, RETURN 
MOV D.M ;LOAD 16-BIT TIME DELAY CONSTANT INTO DE 
INX H 
MOV E.M 

TDLY DCX D ;EXECUTE TIME DELAY LOOP 
MOV A.D 
ORA E 
JNZ TDLY 

;OUTPUT: HAMMER PULSE HIGH AGAIN 
IN 2 sINPUT 1/0 PORT 2 TO ACCUMULATOR 
ORI 4 SET BIT 2 TO.1 
OUT 2 ;OUTPUT RESULT 

sSWITCH FLIP-FLOP FFC OFF 
IN 1 ‘INPUT 1/0. PORT 1 TO ACCUMULATOR 
ANI FBH SET BIT 2 TO 0 
OUT 1 ;OUTPUT RESULTS 


Figure 3-3. The Complete-Simulation Program 
(Continued) 
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Chapter 4 
A SIMPLE PROGRAM 


The problems associated with simulating digital logic, as we did in Chapter 3, can 
be attributed to one fact: we tried to divide logic into a number of isolated 
transfer functions, each of which corresponded to a digital logic device. We are now 
going to abandon digital and combinatorial logic, pretend it does not exist and take another look 
at Figures 3-1 and 3-2 


ASSEMBLY LANGUAGE TIMING VERSUS DIGITAL LOGIC 
TIMING 


Returning to Figure 3-1, simply ignore everything that exists | TRANSFER 
between the left and right hand margins of the figure. What re- | FUNCTION 
mains is a set of input signals and a set of output signals. The 


output signals are related to the input signalJs by a set of transfer functions which 
have nothing to do with digital logic devices. 


The transfer functions for Figure 3-1 are loosely represented by the timing 
diagram in Figure 3-2. What-does “loosely represented’’ mean? It means that tim- 
ing which relates to system requirements is mixed indiscriminately with timing 
that simply reflects the needs of digital logic. We can abandon timing considera- 
tions that simply reflect the needs of digital logic. To be specific, the printhammer 
must still be fired by outputting one of six solenoid pulses; the various movement 
and settling delays must also be maintained. But we can abandon time delays that 
separate one signal's change of state from another simply to keep the digital logic 
clean. 


From the programmer's point of view, therefore, the timing diagram illustrated in 
Figure 4-1 is a perfectly valid substitution for the logic designer’s timing diagram 
illustrated in Figure 3-2. 


INPUT AND OUTPUT SIGNALS 


Looking at Figure 4-1 you will see that we have abandoned a lot more than minor 
timing delays; we have also abandoned most of our signals, But there is a simple 
criterion for determing whether a signal is really necessary within a microcom- 
puter system. This is the criterion: if the signal is uniquely associated with real 
time events in logic external to the microcomputer system, then the signal must 
remain. If the source and destination of the signal are within the microcomputer 
system ‘‘black box’’, then the signal may be abandoned. Based on this criterion, 
let us take another look at our input and output signals. 


First consider the input signals. 
RETURN STROBE and PW STROBE are meaningless signals. As | INPUT 
digital logic, these two signals are print cycle sequence initiators. Within | SIGNALS 


an assembly language program, jumping to the first instruction of a se- 

quence is all the initiation you need. The fact that RETURN STROBE represents a print cycle dur- 
ing which the printhammer is not fired is unimportant, because HAMMER ENABLE is used to ac- 
tually suppress HAMMER PULSE. 
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We will combine the various hammer firing inhibit signals into one hammer status 
input. There:are five such signals: PFL REL, RIB LIFT RDY, RIBBON ADVANCE, PFR REL and CA 
REL. Each of these signals owes its origin to different logic external to Figure 3-1; in the digital 
logic implementation, these signals are ANDed in order to create a master HAMMER INTERLOCK 
signal. In our assembly language implementation we will wire-OR all of these external signals to a 
single pin which becomes a HAMMER INTERLOCK status. 


RESET will be maintained as a master RESET signal tied to the CPU RESET pin. 
RESET can therefore be ignored by the assembly language program; however, recall that once 
RESET is activated, program execution is going to resume with the instruction stored at memory 
location 0. 


EOR DET will be maintained. This is the signal which detects end of ribbon and prevents a 
print cycle from ever ending, thus inhibiting further character printing after the ribbon is ex- 
hausted. 


HAMMER ENABLE FF must be maintained; it suppresses the printhammer firing pulse 
during printwheel repositioning print cycles. 


The function performed by the six hammer pulse length signals, H1 through H6, 
must remain, but the signals themselves will disappear. |nstead of using six pins of an 
1/O port to identify hammer pulse width, we are going to create time delays directly from ASCII 
character codes 


Let us now turn our attention to the output signals. 


To begin with, we can eliminate all of the flip-flop outputs. The boundary of each time 
interval within the print cycle is already identified by an existing signal changing state. If more 
than one external logic event must be triggered by a transition from one time interval to the next, 
there is nothing to stop the appropriate signal from being buffered externally, then used to trigger 
numerous external logic events. Within the microcomputer program, there is no reason why 
duplicate signals should be output simply to.identify the transition from one print cycle time inter- 
val to the next. 


The remaining output signals are maintained. |t is possible that some of these signals 
would disappear if additional external logic were replaced by more assembly language programs 
within the microcomputer system; but given the bounds of the problem, as stated, the remaining 
signals are needed in order to define the print cycle time intervals. 


| PRINTWHEEL } PRINTWHEEL | CHARACTER | PRINTWHEEL | PRINTWHEEL 4 
| POSITIONING {SETTLING {PRINTING tf RELEASE 1 READY DELAY { 
I veLay I pevay ! ' peLay ! 1 
VELOCITY DECODE i] I | 1 | 


(FFI) 


START RIBBON PULSE 2 of a ee eee ee EE ne ee 
HAMMER INTERLOCK aie, Ae ae ee ae ee ee ee See ee 
HAMMER PULSE (ee 
PRINTWHEEL 
eee ee 
PRINTWHEEL 
CL: i a Le cae er ae re 5 


Figure 4-1. Timing For Figure 3-1, From The Programmer's Viewpoint 
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Given our new, simplified set of signals, we can eliminate the 8212 | PIN 
1/O buffer and use one 8255 Programmable Peripheral Interface (PP!), |ASSIGNMENTS 


operating in Mode 0, with |/O ports and pins assigned as follows: 


8255 Port A 
{also Port 0) 
assigned to input 


currently unused 


8255 Porn B 


Eight-bit. ASCII 
(also Port 1) 


character code 
assigned to input 


Siac pane HAMMER ENABLE 
On 
lake Pon 2) [S| FOR DET 
geen VELOCITY DECODE (FFI) 
assigned to input 
HAMMER INTERLOCK 
3 START RIB MOTION PULSE 
ae io 3 
bak HAMMER PULSE 
also Por 
iin PW Ri rY 
assigned to ou(put ied 
Lo | pwret 


MICROCOMPUTER DEVICE CONFIGURATION 


We are now in a position to select the devices needed for program implementa- 
tion. The selection is really quite straightforward; in addition to the CPU, we will 
need one 8255 Programmable Peripheral Interface, some read-only memory for 
program storage and some read-write memory for general data storage. The CPU, 
in reality, consists of three devices, the CPU itself, the 8224 Clock chip and the 
8228 Bus Controller. Combining these devices, Figure 4-2 illustrates the 
microcomputer system which results. Now if you don’t immediately understand Figure 
4-2 do not despair, there are only a few aspects of this figure which are consequential to our im 
mediate discussion. 


GENERAL DESIGN CONCEPTS 


This is the most important concept to derive from Figure 4-2: when designing 
logic by writing assembly language programs within a microcomputer system, the 
program you write is going to be highly dependent upon the device configuration. 
There is nothing unique about the way in which devices have been combined as illustrated in 
Figure 4-2; alternative configurations would be equally viable. The assembly language programs 
created, however, might differ markedly from one microcomputer configuration to the next and 
this is a factor you should not loose sight of when writing microcomputer programs. Also, do not 
be afraid of modifying the selected hardware configuration; that is precisely what we will do in 
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Chapter 5. Microcomputer device configuration and assembly language program- 
ming interact strongly and should not be separated. These two steps should be within 
one iterative loop. During the early stages of writing a microcomputer program, you should 
assume that in the course-of writing the assembly language program, you will discover features 
of the hardware that can be improved; that in turn means the program will have to be rewritten. 


This is a good point to bring up one of the reasons why higher | HIGHER 
level languages are not desirable when you are programming a_ | LEVEL 
microcomputer to replace digital logic. Higher level languages are | LANGUAGES 
problem-oriented. For example, it is hard to look ata PL/M program state- 
ment and visualize the exact way in which data will be moved around a microcomputer system in 
response to the statement’s execution. It is even harder to relate PL/M programs to exact device 
Configurations. Assembly language, on the other hand, has a one-for-one relationship with your 
hardware. 


8255 PROGRAMMABLE PERIPHERAL INTERFACE (PPI) 


Now let us turn our attention to the specific way in which devices have been in- 
corporated into Figure 4-2. 


The 8255 Programmable Peripheral Interface will respond to |1/O PORT 
SELECT 


1/O port addresses 0, 1 and 2 for I/O Ports'A, B and C, respec- 

tively. This is because the chip select is tied to address bus line A2 

Since the |/O port address is output on the eight low order lines of the address bus when an IN or 
QUT instruction is executed, the 8255 PPI in Figure 4-2 will respond to |/O port addresses as 
follows: 


AO 
Al 
A2 


AO 


(upper 
lower) 
Control Port 


CS must be 0 for the PPI to be selected. This means that as shown in Figure 4-2, the PPI will be 
selected whenever A2 is 0, regardless of what A3 through A7 may be. Thus the PPI will res- 
pond to any 1/O port address, excluding 4, 5, 6 and 7: 

A7 AB A5 A4 A3 A2 Al AO 


| a Select an !/O port 
Must be 0 


Can have any values 
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oy 


STATUS STROBE 


Figure 4-2 


PORT C ul 


PORT Ct 


Microcomputer Configuration 


eu 


stitite 


Address Bus 


Hammer interlock ssgnais 
wine ORed to pin 4 


If a microcomputer configuration contains a large number of Programma- | CHIP SELECT 
ble Peripheral Interfaces (PPls), the chip select logic may become a little | IN SIMPLE 
more complex. If.a PPI is to respond to four unique |/O port addresses, | SYSTEMS 
exCluding all others, then the chip select input must be created by com- 
bining the six high order address lines in some unique way. This, of course, implies that the 
microcomputer syetem is going to contain 64 PPIs — and that is unlikely. 
Suppose the 8255 PPI in Figure 4-2 must respond to I/O port | CHIP SELECT 
addresses 0, 1, 2 and 3, only. This is one way of creating the Chip | IN LARGER 
Select (CS) input: SYSTEMS 


If, and only if all six address lines A2 through A7 are low, CS will be low, and the 8255 PPI will be 
selected. 


Now the data direction and port utilization illustrated for the 8255 PPI in Figure 
4-2 is not a hardware feature. At any time port utilization may be modified by 
writing the appropriate control word into 1/O Port 3, which is the control port for 
the 8255 PPI as configured. 


The RESET logic also needs some comment. Instead of testing fora reset . | RESET 
condition in between print cycles, as we did in Chapter 3, we are going | LOGIC 


to use a hardware RESET signal, but in a microcomputer environ- 

ment. The RESET signal, being connected to the 8224 Clock and the 8255 PPI, will clear all 
registers in the 8255 PPI and the Program Counter in the 8080 CPU. This means that program ex- 
ecution will restart with the instruction stored in the memory byte whose address is 0. We must 
therefore have post-reset and system initialization program steps beginning at 
this memory location. 


SYSTEM INITIALIZATION 


When the system is initialized, “in between print cycles’’ conditions must be re- 
established immediately. These are the necessary steps: 


1) If the printhammer has been fired, discontinue the firing pulse and allow: the printhammer 
time to retract. 


2) Move the printwheel back, to its position of visibility. 
3) Insure that output signals have their ‘in between print cycles” status. 


We now arrive at another fundamental programming con- PROGRAM 

cept: there is a ‘‘most efficient’’ sequence in which you |IMPLEMENTATION 
should write assembly language source programs. We |SEQUENCE 

could go ahead and write an initialization program to implement a 
RESET, but that would require a lot of guessing. How do we know that the printhammer has 
been fired? How do we move the printwheel back to its position of visibility? RESET is going to 
abort a print cycle — therefore the print cycle program must be created before we can know 
how to abort it. 


Generally stated, you should start writing a program by implementing the most 
important event in your logic, then you should work away from this beginning, im- 
plementing dependent events. 
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Specifically, we are going to-_postpone ‘creating a program to implement the RESET logic until the 
print cycle program has been created. 


ROM AND RAM MEMORY 


The use of the RESET signal means that there must be a 
memory byte with address 0. In Figure 4-2 this memory byte 

will be part of the 8308 ROM. This is a 1024-byte ROM; it will respond to memory ad 
dresses O through O3FF,¢, since its chip select lines are tied to address bus lines A10 and A11 
This may be illustrated as follows 


A15A14A13 A12 A11 A10. AQ A8 A7 AB A5 A4 A3 A2 Al AO MEMORY 
USS Te SYS ADDRESSES 
{tL Address within ROM 


Must be 00 to select ROM 
Ignored address lines, may have any value 


Once again we are using a primitive ROM chip select on ac- |ROM SELECT 
count of the microcomputer system’s simplicity. We define the |!N SIMPLE 
address range O through O3FF,. for the 0124 bytes of ROM memory; but SYSTEMS 

in fact. a wide variety of other addresses would also access ROM memo- 

ry —— the address lines A12 through A15 can have any value. Providing A10 and A11 are both 0, 
ROM memory will be accessed. There is nothing to prevent you from selecting memory in this 
primitive way, providing yours is a small microcomputer system. There is no reason why you 
should incur additional expense creating complex chip select codes using all of the high order six 
address bus lines. Even from the programming point of view, you will not have to rewrite 
programs should you expand your system and include more memory at a later 
date. Providing you do not now use any of the alternative addresses that would 
also select the ROM, then at some future time you could take one of these alter- 
native sets of addresses, use it to select another ROM, and in no way impact pro- 
grams already written. 


By specifying ROM for program storage, we are assuming that the product will be 
developed in sufficient volume to justify the expense of creating a ROM mask. |f 
your volume does not justify the expense of creating ROM, then you can use Programmable Read 


Only Memory (PROM). 


MEMORY 
ADDRESSES 


The two 8101 RAM devices each provide 1024-bits of 
read/write memory, organized into 256 4-bit units. Each RAM 
therefore provides half of a read/write memory byte. The 256 bytes of 
RAM will have addresses 0800,, through O8FF,,. This may be 
illustrated as follows: 


A15 A14 A13 A12,A11 A10 AQ A8,A7 A6 AB A4 A3 A2 Al AO 


Addresses within ROM 
Ignored address lines 
Must be 1 to select RAM 
Ignored address lines 
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Input 1/0 Port 2 Isolate bit 4 
to Accumulator (Hammer Interlock) 


Test if conditions 
are ready for 
hammer to fire 


(Continued) 
Isolate-bit 5 in-between 


(FFI) print. cycles 


YES 


Output-O to bit 2 
VOPor 2 
(Hammer Pulse) 


Fire hammer 


Output 0.to bits 0 and 
11/0 Por 2, and. 1.10 
bit 3, 1/0 Por.2 Output high puls# 
fot starribbon 
motion, set Printwheel 
Release and Printwhee! 


Input 1/0 Port 1 te 
Accumulator 


Output Oto pin 3, Ready low Compute hammer 
VO Port 2 Pulse time delay 
Character 
Printing time 
delay 


Output 1.10 prt 2 
1/0. Pont 2 
(Hammer Prilse) 


Input 1/0 Pot: 2 
to Accurnulator 


Printwheel 
isolate bit & positioning Execute a 3 
(FFI) delay ms delay 
Printwheel 
Release 
Delay 
Output 1 to bit 0 
1/O Pon 2 
(PW REL) 
NO ee ee ee ee ae ae ates cee Sais Gickan GA oes aaa elke es 
rane Execute a 2 ms Printwheel 
Execute a 2 ms settling 
Ready Delay 


delay delay 


input 1/0 Port 2 to 


Input 1/0 Port 2 
to Accumulator Accumulator 
Test for 
—_— 
EOR DET 
Isolate bit 7 Test if conditions Isolate bit 6 
(Hammer Enable) wre tony Spt (EOR ET) 
hammer to fire 
if not end of 
Output 1 to bit 1 ribbon, end 
1/0 Port 2 print cycle. by 


setting CH ROY to 1 


Figure 4-3. First Attempt At Program Flowchart 
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Even though memory addresses 0800,, through O8FF,, have been specified as 
providing the RAM address space, once again a large number of other addresses 
would also select RAM. Note however, that in no case will a RAM address coin- 
cide with a ROM address; address.bus line A11 must always be 0 to select ROM, while it 
must always be 1 to select RAM. Address contentions will therefore never arise 


Other features of Figure 4-2 are not significant to program generation at the level we are currently 
discussing, therefore you do not need to understand the hardware configuration in any further 


detail. 


PROGRAM FLOWCHART 


Let us now turn our attention to the functions which must be performed by the 
microcomputer system. These functions are identified by the flow chart illustr- 
ated in Figure 4-3. We will analyze this flow chart, step-by-step. 


We are going to use the velocity decode input signal (FFI) to identify the start of a 
new print cycle. In between print cycles, therefore, the program continuously inputs I/O Port 2 
contents to the Accumulator, testing bit 5. So long as this bit equals 1, a new print cycle has not 
begun. As soon as this bit equals 0, a new print cycle is identified: 


In between 
print cycles: 
PES ee aes enc rans” i 
Output 0 to bits O' and 
11/0 Port 2, and 1 to 
bit 3, 1/0 Pont 2 Output high pulse 

for start ribbon 
motion, set Printwheel 
Release and Printwheel 

Output 0 to pin 3, —s 
Ready low 


1/0 Port 2 
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The first thing that happens within the new print cycle is that a high START RIBBON MO- 
TION pulse is output by sequentially writing a 1, then a 0 to bit 3 of I/O Port 2. 
Also, Os are output to bits 0 and 1 of 1/O Port 2, since PRINTWHEEL RELEASE and 
PRINTWHEEL READY must both be output low. at the start of the print cycle: 


input.4/O Port 2 
16 Accumulator 


Isolate bit 5 
(FFA) 


Output 0 to bits 0 and 
VA/O Por 2, and 1 to 
bit 3.1/0 Port 2 


in between 


print cycles 


Output high pulse 

for sian nbbor 
motion. set Printwheel 
Release and Printwheel 
Ready low 


Printwheet 
positioning 
delay 


The printwheel positioning delay is computed by the velocity decode signal FFI.So 
long as this signal is low, the printwheel is still being positioned. We. therefore go into a variable 
delay loop, which in terms of program logic is the inverse of the “in between print cycles’ delay 
loop. Once again; |/O Port 2 contents are input to the Accumulator and bit 5 is tested: however, 
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“At that time the printwheel positioning delay is over: 


Pe eine re eae a 


Output 0 10 bits O and J 
11/0 Port 2. and 1 to. 
bit. 3, 1/0 Pon 2- > 


Output high pulse 

for start nbbon 
“motion, set Printwheel 
Release and Printwheel 
Ready low 


‘The printwheel positioning delay must be followed by a 2 millisecond printwheel 
settling delay. The usual delay loop will be executed here: 


~ HAMMER INTERLOCK. If bit 7 of 1/0 Port 2 equals 0, then the entire printhammer: firing sequence 


put low. This condition is detected by isolating bit 7 of I/O Port 2 before testing the condition’ 


is Skipped. tet: we jung. cently: to. the  Reinewea! ready delay, which is the Test time. wee of the. 
print cyee: 


“if HAMMER ENABLE is high, this ia Wotieaotsy ‘ieloning cycle, so the printhammer will 
be fired, but only when HAMMER INTERLOCK is 0. So long as any of the signals wire-ORed to 
pin 4 of 1/O Port 2 is high, the program will stay in an-endless loop, continuously testing the 
status of this |/O port pin. When finally the 1/O. port pin equals 0, the program will advance to the 
printhammer tha instruction sequence: 


In order to fire the printhammer, a variable length firing pulse must be output. To 
do this a 0 is output to pin 2 of I/O Port 2, since this:is the pin via which the hammer pulse is out- 
put. Next the hammer pulse time delay is computed. We will describe how the hammer pulse 
width is computed after completing a description of the flow. chart. At the end of the printham- 
mer firing time delay, a 1 is output to bit 2 of I/O Port 2. This terminates the printhammer firing 
pulse: = 


Output 1 to bit O 
1/0 Port 2 
(PW REL) 


the ond Gf the print cyele ts hearin Beat sutout to bit | of 1/0 Port 2; mtyeidy: 
ROY high: Maeyiectenee eee es 


microcomputer system. If EOR DET equals 0, then the program:stays in an éndless loop: con ee 


tinuously retesting bit 6 of ae Port 2, thus another print ‘cycle cannot begin alg if EOR: DET 


Now let us turn our attention to the method via which the [|PRINTHAMMER 
appropriate printhammer firing delay is computed. |n Figure | FIRING 

3-1, the appropriate printhammer firing delay was signaled by one of DELAY 

six lines (H1 through H6) being input true. Some external logic had to 

generate the true line, based on the nature of the character being printed; this kind of opera- 
tion is easier to do within a microcomputer program. 


This is the method we will use to compute the appropriate printhammer firing 
pulse time delay: every character to be printed.is represented by one ASCII code data byte; as 
illustrated in Appendix A. ; 


If we ignore the high order parity bit, then 128 possible bit combinations remain. If you look at the 
ASCIl codes given in Appendix A, you will.see that only character codes between 20;¢ and 7Aj., 
are significant. Therefore, only 5A. (or 90) code combinations need to be accounted for..Each 
of these code combinations will have assigned to it one byte in a 90-byte table: and in this byte 
will be stored a number between 1 and 6. This number will identify the time delay required by the 
character. A 12-byte table will contain the six actual time delays associated with the six digits. 
This scheme may be illustrated as follows: 


DATA 
ASCII MEMORY 
Code Character 
20 blank 
21 ! n+] 


n Index Table 


Delay Table 


In the above illustration the letters “‘n’’ and “’m”’, to the right of the data memory, represen: any 
valid base memory addresses. For example, “n’ might represent 0380,,¢ while ‘’m’' represents 
O3F04,. 


Consider two examples. 


ASCIl code 22,¢ signifies the double quotes character (“), which requires the shortest time delay, 
The data memory byte with address n +2 corresponds to this.ASCIl code. -1 is stored inthis data 
memory byte. Therefore, the first time-delay, represented by pppp. is the value which must be 
loaded into the-D.and’E registers before executing the long time. delay loop which creates. the 
printhammer firing pulse for the ” character. 


ASCII: code 774, represents’ ”“w''. The data: memory: byte with address n +5716 Corresponds to 
this ASCII code. Within this data memory byte: the value 6 is‘stored, which: means that the longest 
printhammer firing delay is required for.a“’w"’.. Therefore, a value represented. by uuuu will be 
loaded. into the OD and E registers. before executing the long time delay loop.which creates the 
printhammer firing pulse for the w character. 

Figure 4-4 identifies the program steps via which the printhammer firing delay will 
be computed. 

In order to. better understand. Figure 4-4, we will: go down steps ® through@for the case’ of 
oy 


3) The: ASCII representation of lower case w is inputto the Accumulator: 


From 1/0 Port 1 


A 
B.C 
DE 
HiL 


Input ASCil-character 
code from Port 1 


Subtract 20,, 


Add résult to Index 
Table base address. 


Input index 


Figure 4-4, Program Flow Chart To Compute Printhammer 
Firing Pulse Length 


Multiply by 2 


Add. to Delay Table 
base address 


Input delay to 
DE. registers 


Execute printhammer - 
finng delay 
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We must set the parity bit to 0. To do this the-Accumulator contents are ANDed with 7FH 


a Pononn 
ne [ae 
pe [a 
AL 


1190911 
QO1111111 
—— 


01110111 


The index table entry corresponding to lower case w is computed by adding the ASCII code, 
less 20,, to the index table base address. We must subtract 20,, because the first 1F codes 
have no. ASCII equivalent: 


01110111 


01110111 
11100000 
01010111 


Twos complement of 20,6 


The index table base address is loaded into the H and L registers. We will assume this ad- 
dress is 0380,,. Then the Accumulator contents are added to this 16-bit address 


000000 1 110000000 
—$_— 


000000 1111 


0 3 


©The appropriate index is loaded from the. index table into the Accumulator 


ee 
A ne 
a i ea oman 
HL oe 


©®)since the actual delay is two bytes long, we-are going to calculate the address of the ap- 
propriate delay by adding twice the index to the delay table base address. First we multiply 
the index by 2 


A 

ae fe. 2 
Sy Ses Te 
HL 


Next we add the index multiplied by 2, to the delay table base address. Assume this base ad- 
dress is 03F0,,. This base address is again loaded into the H and L registers, after which the 
Accumulator contents are added to the H and-L registers’ contents: 


A 00001100 


00001100 
00000011 11110000 
0000001111111 100 
0 3 F € 


a 
A ee 
B.C iu | O3FC 
oF SR | oxo 
HL fo -93re 
a 


he D and E registers now contain the correct initial value for a long delay to be executed as 
described in Chapter 2 
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aN BETWEEN PRINT. CYCLES: TEST FFI ‘(eT 5 OF 1/0 


-PORT 2 FOR A 0 VALUE} 

START IN ane 
ANI 20H. 
JNZ. START 


‘INPUT 1/0. PORT. 2 TO ACCUMULATOR = ; 


ISOLATE BIT 5 


‘IF NOT 0, RETURN TO: START 


“INITIALIZE PRINT CYCLE, OUTPUT: TO BITS 0 
ZAND.1 OF 1/O PORT 2. OUTPUT 1 TO BIT 3.0F 


Figure 4-5. A Simple Print Cycle Instruction Sequence 
Without Initialization Or Reset 


31/0 PORT 2 ; re omen 
MVI.. A,OCH — ;LOAD MASK. INTO ACCUMULATOR 
OUT Fie OUTPUT TO 1/0 PORT 2 
: {OUTPUT 0 TO BIT 3 OF 1/0 PORT. 2. THIS COMPLETES 
“START RIBBON MOTION PULSE e 
. MVI A4 “LOAD MASK INTO. ACCUMULATOR. 
OUT 2 JOUTPUT TO:1/O PORT 2... 2 
-TEST FOR END OF PRINTWHEEL POSITIONING. 
LOP1 IN 2-% ANPUT1/O PORT 2 TO ACCUMULATOR 
AN 20H. “ISOLATE BIT 5 
oe ae LOP}- IF 0 RETURN TO LOP1 
“EXECUTE PRINTWHEEL SETTLING 2 MS DELAY 
MV AO. ;LOAD ACCUMULATOR WITH Oo 
LOP2. OCR. = A’. -DECREMENT A te 
INZ LOP2 IFA DOES NOT DECREMENT TO 0. RE. DECREMENT 3 
TEST PRINTHAMMER FIRING CONDITIONS ed 
LOP3 IN 2 INPUT 1/O PORT 2 TO ACCUMULATOR » 
RLC :MOVE BIT 7 INTO. CARRY 
JNC PRD —_:IF CARRY. IS 0, BYPASS PRINTHAMMER FIRING 
ANI 20H ASOLATE BIT 4 WHICH IS NOW BIT 5 
Jz LOP3. _. WAIT FOR NONZERO VALUE BEFORE FIRING 
FIRE. PRINTHAMMER : 
gt rad 2 SET HAMMER PULSE LOW. OUTPUT ) 
ANI FBH 10 BIT 2 OF Ve) PORT2 
OUT Beer as ee 
SINE 9 oe PIE ANPUT ASCIl. CHARACTER TO ACCUMULATOR. 
“ANI 7FH— :MASK OUT HIGH ORDER BIT Fee y: 
~ SUI 20H ;SUBTRACT 20H - dehy ees 
LXI HINDX  :LOAD INDEX TABLE BASE ADDRESS TO.HL 
ADD L ;ADD. ACCUMULATOR CONTENTS TO HL 
‘MOV UA a 
MOV A.M {LOAD INDEX INTO. ACCUMULATOR 
ADD Aicik sMULTIPLY. BY 2 
LX! H;DELY — ;LOAD DELAY. TABLE BASE ADDRESS INTO HL 
ADD =~ Lk ‘ADD. ACCUMULATOR CONTENTS TO HL 
MOV LA - 3 
-MOV. EM. -LOAD DELAY CONSTANT INTO D.E 
INX H 
; MOV OM : 
top4.- DCX D ‘EXECUTE LONG DELAY. 
MOV. AD Pee 
ORA E 
JNZ 


IN 2 ‘AT END OF DELAY OUTPUT 1 TO BIT 2 


ORI 4 :OF 1/0 PORT 2 {HAMMER PULSE HIGH) 
OUT 2 
‘EXECUTE A 3 MS PRINTWHEEL RELEASE TIME DELAY 
LX! D,F7H :LOAD. TIME CONSTANT INTO D,E 
LOPS DCR D ;DECREMENT D,E 
MOV A.D ‘TEST FOR OIN DE 
ORA E 
JNZ LOPS ;REDECREMENT IF NOT 0 
;OUTPUT 1 TO BIT O OF 1/0 PORT 2. THIS SETS 
;PW REL HIGH 
IN 2 INPUT 1/0 PORT 2 TO ACCUMULATOR 
ORI 1 SET BITO TO 1 
OUT 2 ;OUTPUT RESULT 
/EXECUTE A 2 MILLISECOND PRINTWHEEL READY DELAY 
PRD MVI AO ;LOAD ACCUMULATOR WITH 0 
LOP6 DCR A ;DECREMENT A 
JNZ LOP6 ‘IF A DOES NOT DECREMENT TO 0, RE-DECREMENT 


:TEST FOR EOR DET (BIT 6 OF I/O PORT 2) EQUAL 
TO 0 AS A PREREQUISITE FOR ENDING THE PRINT CYCLE 


LOP? IN 2 sINPUT 1/0. PORT 2 TO ACCUMULATOR 
ANI 40H ‘ISOLATE BIT 6 
JZ LOP7 ;RETURN AND RETEST IF 0 


‘AT END OF PRINT CYCLE SET BIT 1.0F 1/O PORT 2 TO 1 
‘THIS SETS CH RDY HIGH 


IN 2 ‘INPUT 1/0 PORT 2 TO ACCUMULATOR 
ORI 2 ‘SET BIT 1 TO 1 

OUT 2 ‘OUTPUT RESULT 

JMP START ‘JUMP TO NEW PRINT CYCLE TEST 


Figure 4-5. A Simple Print Cycle Instruction Sequence 
Without Initialization Or Reset (Continued) 


Putting together the program flow charts illustrated in Figures 4-3 and 4-4, we 
generate the entire required program, as illustrated in Figure 4-5. This program is 
now described, section-by-section. 
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In between print cycles the following three-instruction loop continuously tests 
the status of I/O Port 2, bit 5. The FFI signal is input to this pin. So long.as this signal is input 
high, a new print cycle cannot start. As soon as this signal is input low, the printwheel is identified 
as being in motion — which means that a new print cycle is underway: 


:;PRINT CYCLE PROGRAM 
‘IN BETWEEN PRINT CYCLES TEST FFI (BIT 5 OF 1/0 
‘:PORT 2 FOR A O VALUE) 


Enter FFIs1 


Program sINPUT 1/0 PORT 2 TO ACCUMULATOR 


ISOLATE BIT 5 
;IF NOT 0, RETURN TO START 


sINITIALIZE PRINT CYCLE. OUTRUT 0 TO BITS 0 
‘AND 1°OF4/O PORT 2. OUTPWT 1 TO'BIT 3 OF 
i1/O PORT 2 


MVI A.OCH ‘LOAD MASK INTO ACCUMULATOR 


As soon as a new print cycle starts, the PRINTWHEEL RELEASE and PRINT- 
WHEEL READY signals must be output low. Also, a high start ribbon motion pulse 
must be output so that when the printhammer fires, fresh ribbon is in front of the character 
which is to be printed. These initial signal changes may be illustrated as follows: 


‘INITIALIZE PRINT CYCLE. OUTPUT 0 TO BITS 0 
“AND 1 OF !/O PORT 2. OUTPUT 1 TO BIT 3 OF 
‘I/O PORT 2 
MVI ;LOAD MASK INTO ACCUMULATOR 
i ‘OUTPUT TO I/O PORT 2 

‘OUTPUT 0 TO BIT 3 OF I/O PORT 2. THIS COMPLETES 


‘START RIBBON MOTION PULSE 


:LOAD MASK INTO ACCUMULATOR 
‘OUTPUT TO 1/0 PORT 2 


Start Ribbon Motion if le 


8255 2 | eHammer Pulse 1H 4 
tC 
Po | Printwheel Ready 1 i) 


0 | - Printwheel Release O| lo 


In the above illustration, notice that |/O Port C, pin 2 has been forced | PROGRAMMED 

to output 1. This is the HAMMER PULSE pin, which goes low only for 1 SIGNAL PULSE 

the duration of the printhammer firing pulse. At this point in the print 
cycle, this signal is*high, so outputting 1-is harmless. 


The program now executes a variable length delay, during | TIME DELAY 
which time the printwheel either moves until the appropri- [OF VARIABLE 
ate character petal is in front.of the printhammer, or the | LENGTH 
printwheel moves back to its position of visibitity. In cither 
case external logic inputs signal FFI low for the duration of the printwheel positioning delay. As 
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soon as the printwheel has been. positioned,-FFI is detected high — and program logic ad- 
vances to the 2 millisecond printwheel settling delay. We have seen this three-instruc- 
tion delay loop frequently before: 


‘TEST FOR END OF PRINTWHEEL POSITIONING 


LOP1 ‘INPUT I/O PORT 2 TO ACCUMULATOR 

ASOLATE BIT 5 

Sp ‘IF 0 RETURN TO LOP1 
‘EXECUTE RAWITWHEEL $ETTLING 2 MS. DELAY 
AQ ‘LOAD ACCUMULATOR WITH 0 
LOP2 DCR \ Al ‘/DECREMENT A 
JNZ  \ LOb2 ‘IF A DOES NOT DECREMENT TO 0, RE-DECREMENT 

‘TEST PRINTHAMMERSE NG CONDITIONS 


| Priptwheal | Printwheel | Character | 

| Popitoning yf Settling | Printing | 
Oday N Delay 

7 oe 


! 
VELOCITY DECODE | \ 
(FFI) 


START RIBBON PULSE ams j | 
HAMMER INTERLOCK | 
HAMMER PULSE re = J 


PRINTWHEEL 4 
RELEASE 
PRINTWHEEL 


READY (CH RDY) «Wises ila seas ctadammin tate alent access ceupimapenea tact 


Now the printhammer is ready to be fired. First we test the conditign of HAMMER ENABLE, 
which has been connected to pin 7 of I/O Port 2. If this signal is low, then we are in a printwheel 
repositioning print cycle and the entire hammer firing instruction sequence is bypassed. Notice 
that the condition of bit 7 is tested by shifting into the Carry status. If HAMMER ENABLE is 
high, we pass this test. But HAMMER INTERLOCK must still be tested; this signal is 
input to 1/O Port 2, pin 4. 


The Shift instruction moved bit 4, (representing the HAMMER INTERLOCK) to bit 5 and bit 7 
(representing HAMMER ENABLE) into the Carry status: 


Accumulator 


Carry 76543210 
LoP3 IN 2 D weeveasa 
RLC ? 
PRD ? 


KOPP 


ia pita. 
\ WAIT FOR NONZERO VALUE ‘BEFORE FIRING | 


MER ENABLE is detected tow, execution branches to enue 
‘ou. instruction close to the end of the program, at the beg ing of the in 
ee nets utes @ 2 millisecond PRINTWHEEL READY delay. 


: Note that the five instruction sequence illustrated in Figure 4-5. tests for 
‘within the loop that’ tests for HAMMER INTERLOCK high. Now HA 
Toh brlgit for: ‘the duration: of the print cycle; it will not change 


“SET: AMMER PULSE Low. output o- 
TO arr 2.0F 110 PORT2 - tae Se 


Belet ie f ‘INPUT “ASCII CHARACTER TO ACCUMULATOR 
* TRH :MASK.OUT HIGH ORDER BIT 
"20H = SUBTRACT 20H - 
: eK :LOAD INDEX TABLE BASE ‘ADDRESS TO | HL 
ek “ADD. ACCUMULATOR CONTENTS TOHL 
eae ees 
‘AM. © LOAD, INDEX INTO ACCUMULATOR - 
“MULTIPLY BY 2” se 
“HIDELY LOAD DELAY TABLE BASE ions INTO HL 
“ADD | ACCUMULATOR CONTENTS TO HL’ 


;LOAD DELAY CONSTANT INTO DE 


ob, > 


EXECUTE LONG DELAY 


243 “AT END OF DELAY OUTPUT 110 BIT 2 
ORI. die 1 IQRORE 2 IMAM SESE 
(OUT. 
SEE hs TNE PLEASE TE LAY 


A 3 millisecond PRINTWHEEL RELEASE time delay is now executed and the end 
of this time delay is marked by the PRINTWHEEL RELEASE signal being output 
high. Next, the 2 millisecond PRINTWHEEL READY delay is executed: 


‘EXECUTE A 3 MS PRINTWHEEL RELEASE TIME DELAY 


LXI D,F7H :LOAD TIME CONSTANT INTO D,E 
LOPS DCR D ;DECREMENT D.E 

MOV A.D ‘TEST FOR 0 IN DLE 

ORA E 

JNZ LOPS ;REDECREMENT IF NOT 0 
‘OUTPUT 1 TO BIT O OF |1/O PORT 2. THIS SETS 
‘PW REL HIGH 

IN 2 :INPUT I/O PORT 2 TO ACCUMULATOR 

OR! 1 ‘SET BITO TO 1 

OUT 2 ‘OUTPUT RESULT 
‘EXECUTE A 2 MILLISECOND PRINTWHEEL READY DELAY 
PRD MVI AO ‘LOAD ACCUMULATOR WITH 0 
LOP6 DCR A ‘DECREMENT A 


JNZ LOP6 ‘IF A DOES NOT DECREMENT TO 0, RE-DECREMENT 


Character Prntwheel 


Printing | Release | Ready Delay | 


| Delay | 


SLY DECODE 


START RIBBON PULSE 
HAMMER INTERLOCK 
HAMMER PULSE 


PRINTWHEEL 
RELEASE 


PRINTWHEEL 
READY (CH RDY) gage een ee es 
Before terminating the print cycle by outputting PRINTWHEEL READY (CH RDY) 
high, the program must insure that the end of ribbon has not been reached. If EOR 


DET is detected low the program stays in an endless loop until the Hbbon has been changed; 
then EOR DET will be input high by external logic 


When EOR DET is detected high, the final instructions of the program set PRINTWHEEL READY 
high, then return to the beginning of the program and wait for the next print cycle 


PROGRAM LOGIC ERRORS 


The program we have developed in this chapter contains a logic-error which could 
not occur in a digital logic implementation. The error is in the hammer pulse time 
delay computation. 


In a digital logic implementation, the ASCIl code for any character would be processed as 
seven individual signals. These signals would be combined in some way to generate ‘one of the 
time delay signals H1 through H6. It does not matter what ASCII code combination is 
input, one of the time delay sjgnals H1 through H6 will be output high; if the signal 
generation logic is unsound, a time delay signal will still be created, although it may be the wrong 
signal 


Now look at the assembly language program implementation. | LIMIT 
It is simple enough for us to look up the table in Appendix A | CHECKING 


and see that valid ASCII codes only cover the range 20,, 


through 7A,,. That does not prevent a logic designer from using the microcom- 
puter system we create in a special system that includes unusual characters, 
represented by codes ouside the normal ASCII range. Our program could output some 
very Strange results under these circumstances. Suppose the ASCII code 10,, had been adopted 
to represent a special.character. Then, our attempt to look up the index table would load into the 
Accumulator whatever happened to be in memory byte-n - 104¢. 


There is no telling what could be in this memory byte; in all probability, this byte will be used to 
store an instruction code, perhaps a two-hexadecimal digit value. Suppose it contained 2A 4; the 
next program step will double 2A,., add it to the base address of the delay table and access the 
initial delay code from memory location M + 544¢. 


Given the microcomputer configuration illustrated in Figure 4-2, this memory location could easily 
be one of the duplicate addresses which spuriously access some memory byte, because we have 
used disarmingly simple ehip select logic. Had we used more complex chip select logic, then 
chances are we would now be attempting to access a memory byte that did not exist. In the 
former case, there is no telling what length of hammer pulse would be generated; in the latter 
case, an extremely long hammer pulse would be generated, since we would retrieve O from a 
non-existent memory location, and this value would be interpreted as the initial delay constant for 
the long delay program loop. The hammer pulse would be 720 milliseconds long: 


65,536 x 11 = 720,896 microseconds 


Time in microseconds to execute long delay loop 
once. 


Since initial O000,¢ value will be decremented and 
then tested, a maximum delay loop results. 
Now in order to avoid this problem we have two options: 


1) Program logic can simply ignore any invalid ASCII code. 
2) Program logic can generate a default hammer pulse width for invalid ASCII 
codes. 


If we ignore special characters, the conclusion is obvious: the microcomputer system cannot be 
used in any application that requires special characters to be printed. Since the special character is 
ignored, nothing will happen when such a character code is detected on input — there will be no 
hammer pulse, no carriage movement and no,positioning. 


Providing a default hammer pulse for special characters means that such characters will be 
printed, but they may create uneveness in the density of the typed text. 


You, as the logic designer, would have to specify your preference. 
Either instruction sequence may be inserted into the. existing program as follows: 


OUT 2 


IN 1 INPUT ASCII CHARACTER TO ACCUMULATOR 
ANI 7FH ‘MASK OUT HIGH ORDER BIT 

nine > sul 20H ‘SUBTRACT 20H 

seeteneet Lx! H.INDX  :LOAD INDEX TABLE BASE ADDRESS TO HL 
abe ADD L “ADD ACCUMULATOR CONTENTS TO HL 

MOV LA 
MOV AM ‘LOAD INDEX INTO ACCUMULATOR 
ADD A ‘MULTIPLY BY 2 
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Here is the instruction sequence which ignores non-standard ASCII codes: 


IN 1 INPUT ASCILCHARACTER TO ACCUMULATOR 


ANI 7FH :MASK OUT HIGH ORDER BIT 
COMPARE ASCII CODE WITH LOWEST LEGAL VALUE 

CPI 20H 

JM PRD ‘IF CODE IS 1FH-OR LESS, BYPASS HAMMER FIRING 
;COMPARE ASCII CODE WITH HIGHEST LEGAL VALUE 

CPI 7AH 

JP PRD ‘IF CODE IS 7BH OR GREATER, BYPASS HAMMER FIRING 
‘ASCIl CODE IS VALID 

SUI 20H ‘SUBTRACT 20H 


LXI H,INDEX -;LOAD INDEX TABLE BASE ADDRESS TO HL 


The second option, illustrated below, prints unknown characters with a median 
density, using density code 3: 


IN 1 INPUT ASCIL CHARACTER TO ACCUMULATOR 
ANI 7FH :MASK OUT HIGH ORDER BIT 
;COMPARE ASCII CODE WITH SMALLEST LEGAL VALUE 
CPI 1FH 
JP OK :IF CODE IS 20H OR MORE, TEST FOR HIGH LIMIT 
;CODE IS ILLEGAL. ASSUME A DENSITY OF 3 
NOK MVI A.6 ‘LOAD TWICE DENSITY 
JMP NEXT 
;COMPARE ASCII CODE WITH LARGEST LEGAL VALUE 
OK CPI 7AH 
JP NOK ‘IF CODE IS 7BH OR GREATER, ASSUME DENSITY OF 3 
‘ASCII CODE IS VALID 
SUI 20H ‘SUBTRACT 20H 
LX! H.INDEX ;LOAD INDEX TABLE BASE ADDRESS INTO HL 
ADD L :ADD ACCUMULATOR CONTENTS TO HL 
MOV LA 
MOV A.M ;LOAD INDEX INTO ACCUMULATOR 
ADD A :MULTIPLY BY 2 


NEXT LX! H,DELY ;LOAD DELAY TABLE BASE ADDRESS INTO HL 


Both of the invalid ASCII code instruction sequences are simplistic in their solu- 


tion to the problem. 
The only new feature introduced is the use of the Compare Immediate |COMPARE 
IMMEDIATE 
JUMP ON 
CONDITION 
altered; however, status flags are set to reflect the results of the subtrac- 
tion. We use a JM (Jump Minus) instruction to identify a negative result, 


(CPI). instruction. This instruction subtracts the immediate. data in the 
which means that the immediate data in the operand was larger than the value in the Accumula- 


operand from the contents of the Accumulator. The result of the subtrac- 
tion is discarded, which means that the Accumulator contents are not 


; ‘ate operand is less than, or equal to ‘the contents of the: Accumulator, 
‘the JP instruction Causes. @ branch to a later instruction labeled: OK: 
The: actual ‘program: execution paths for the second instruction se- 
quence. may Appear a_trifle ‘confusing to you if you ‘are new to pro-. = 
: ‘reneing: we therefore illustrate execution paths as follows: 


1 oy ~ ANPUT ASCII CHARACTER TO ACCUMULATOR 
7FH “MASK OUT HIGH ORDER BIT- 


. “1FH 

pM OK. IF CODE 1S 20H OR MORE, TEST FOR HIGH LM 
GAL. ASSUME A DENSITY OF 3 ; 

44OAD TWICE DENSITY 


S 
nee Coot €) ALID 


20H :SUBTRACT 20H 
“ HINDEX “LOAD INDEX TABLE BASE ADDRESS INTO HL 3 Xt 
ae “ADD ACCUMULATOR CONTENTS TOHL = 
4 LA ? 
AM. *:LOAD INDEX INTO ACCUMULATOR 


A» > :;MULTIPLY BY 2 ; 
‘H.DELY. .;LOAD DELAY TABLE BASE ADDRESS INTO HL - 


Execution paths, illustrated by circled-letters above, can be interpreted as follows: : 


®an ASCII code passes the “lowest legal value” test, but now must be tested for the © “hi 
legal value” : : ae 


" constant ‘appropriate to this default density. This’ Jump is ilustrated by ( a es 


©a character which has passed the “lowest legal ASCII value” test is.next checked for 
legal ASCII value’; ‘if it fails this test then program execution branches, as shown ry ©) 
instructions which : assume a default density of 3©. in fact, meets aie 


®An ASCI. character that passes both the “lowest legal value” test ond the * ‘highest J : 
value” test is processed via instruction path €). Instructions in this path load the spprogriafe 
density index into the Accumulator. 


_RESET AND INITIALIZATION, 


In order ‘to complete. our program, we must create the necessary reset cand i 
itialization instructions. bos : 


. Reset instructions: will be exécuted sitiopctior RESET is input true to the ‘microcomputer 
Initialization instructions will be executed whenever the system is started up. k 


8 


ee 


— 


There is no reason why Reset and Initialization instruction sequences should coin- 
cide; in many applications two separate and distinct instruction sequences may be needed. On 
the other hand, it is quite common to use Reset in lieu of system initialization. This 
means that when you first power up the system, RESET is pulsed true; and this starts the entire 
microcomputer-based logic system. 


In our case the Reset program is indeed simple. All we have to do is output a control 
command to |/O Port 3, the control port of the 8255 Programmable Peripheral Interface, then set 
output signals to the ‘in between print cycles” condition. The control command selects Mode 0, 
with appropriate |/O port assignments. Here is the necessary initialization instruction 
sequence: 


ORG 0 
‘SYSTEM RESET AND INITIALIZATION 
‘OUTPUT CONTROL CODE TO 8255 PROGRAMMABLE 
;PERIPHERAL INTERFACE 
MVI Al7 
OUT 3 
;SET HAMMER PULSE, PW READY AND 
‘PW REL HIGH. SET START RIBBON MOTION LOW 
MVI 9AH 
OUT 2 


This is how the 8255 PPI control code is constructed: 
i 605.3 32 71'S 


HOORnROY 


Port C (lower) is used for output 
Port B ts used for input 

Group 2 ports are Mode 0 

Port C (upper) is used for input 


Port A is assigned to input, even though we are 
not using it 


“Group 1 ports are Mode O 
Modes are being set 


A PROGRAM SUMMARY 


First of all, it would be a good idea to put together the entire program, as 
developed in this chapter. We will include the necessary Assembler directives. 
This final program is illustrated in Figure 4-6. 


Now that the program is finished, notice that RAM memory has not been used. The 
CPU registers have provided sufficient read/write memory to handle all variable data. 


The 1K bytes of ROM program memory are sufficient to contain the entire program, plus the two 
data tables. 


Were you implementing a microcomputer system within the limited confines of the logic in 
cluded in this chapter, you could now eliminate the two RAM memory chips. In all probability, 
there would be numerous other logic functions. more economically included within the 
microcomputer system; and these would almost certainly require the presence of some RAM 
memory. There are nine bytes of read/write memory provided by the seven CPU registers and 
the CPU Stack Pointer: these are usually insufficient for any real application 


a a NO 


ea CUTPUT CONTHOL CODE To srs PROGRAMABLE 


Pes :PERIPHERAL INTERFACE . 2 ae od eels ee 
FANN BBP A SEIS or ae 
WT CYCLE: paca» Pee ee tA AS 
) BETWEEN PRINT CYCLES TEST FT 5 OF V0 RR Ay Tees 


F ~;PORT i 3 FOR’ AO VALUE) 
< START AN AO 2 « INPUT \/O'PORT 2 TO ACCUMULATOR, 
a “20H... ISOLATE BIT 5 a 
* START... <P. NOT 0, RETURN:TO START ; 
“INITIALIZE PRINTCVCLE OUTPUT 0: TO: BITS 0°. 


“AND. 1 OF 1/O PORT 2. OUTAUT TOMY SOF, s: Pie ones mee 
MO PORT 2 Oe Bes 
MVE ACH “LOAD MASK INTO ACCUMULATOR 

QUT — 2°". OUTPUT TO 1/0°PORT 2: 


Pee eta THIS COMPLETES vise 


MV AA LOAD MASK. INTO ACCUMULATOR $ 


OUT. 2 OUTPUT TOW/O.PORT2 = he 


bee “TEST FOR END OF PRINTWHEEL POSITIONING ° 

2 OPT ilee. EB ss INPUT 1/0. PORT 2 TO/ACCUMULATOR 
Sa Se vee AINE? OH > ASORATE BIT'B :) 

JZ LOP1.. AF-O- RETURN TO -LOPT. 


- ‘exECUTE PRINTWHEEL SETTLING 2 MS DELAY. Gon eaten S 
MNES AQ. LOAD ACCUMULATOR WITHO © a 
. LOP2. <*:-DCB: ao. “sDECREMENT. A - 


SAZ: 202 OPZ. IF A DOES NOT ‘(DECREMENT TO.0, ‘RE-DECREMENT. 

sTEST. PAINTHAMMER FIRING CONDITIONS baat ; 
4 LOPS SEINE SG 2. INPUT 1/0 PORT 2 TO ACCUMULATOR | tg 
Sg! ALC, HSS IMOVE BIT PINTO CARRY > 92 fo: <* 
~JNC. PRD IF. CARRY IS 0, BYPASS. PRINTHAMMER FIRING 

ANI + 20H ISOLATE BIT 4 WHICH IS NOW BIT 5 aa 
Ty eck ee aan 1°, i OF NERREIO VALUE REFSRG, CAINS: ares 
“4 cFIRE PRINTHAMMER 


aN. Ss “8g “SET HAMMER PULSE LOW. OUTPUT 0 
“ANI | FBH > ‘TO BIT 2 OF 1/O°PORT. 2 [Sosa eae 
OUT ' 2 ee BA 5 
UNO Ae > CINPEASCH CHARACTER TO ACCUMULATOR 
Saetg, = AND > 7FH IMASK OUT HIGH ORDER BIT = 
re cowaee ASCII CODE WITH LOWEST LEGAL VALUE pa atk oe oe 
os JIM > PROD. AF Cope IS 1FH OR LESS, BYPASS HAMMER FIRING 
:COMPARE ASCII CODE WITH HIGHEST LEGAL VALUE - , 
th CPPS TAH. - 


eS we ibok | 1 CO0E Is 7BH On GREATER, BYPASS WANE 


“Figure 4-6. A Sime Pim vce Peg 


“ASC CODE IS VALID | BE ey 
~ SUL 20H SUBTRACT AE ay 

Lx ~ HINDEX~ . ;LOAD | TABLE: 3ASE ADDRESS TO HL 
ADD i SADD AC a CONTENTS TO HL 
MOV LA ; ee aiay 
MOV AM :LOAD- INDEX: INTO’ ACCUMULATOR ; 
ADD A ;MULTIPLY- BY» 2 
Lx H,DELY ;LOAD DELAY TABLE BASE ADDRESS INTO HL 
ADD L -ADD ACCUMULATOR CONTENTS TO HL 
MOV LA 
MOV _E.M ‘LOAD DELAY CONSTANT INTO DE 
INX He. a Prag 
MOV D.M were ; 
DCX D :EXECUTE LONG DELAY 
MOV A.D PO nent at 
ORA E =} We sae 
JNZ LoP4 : =p Pig ts : 
IN 2 :AT END OF DELAY OUTPUT 1 TO BIT 2 
ORI 4 OF 1/0 PORT.2 (HAMMER PULSE HIGH) 
OUT 2 

EXECUTE A 3 MS PRINTWHEEL - RELEASE TIME DELAY 

’ LxI D.F7H_ —» :LOAD TIME CONSTANT.INTO D.E 
LOPS DCR D ‘DECREMENT DE. 
By 5 MOV AD TEST FOR 0 IN-D,E © 

ORA E : 


JNZ LOPS —: REDECREMENT IF NOT 0 
OUTPUT 1.TO BIT 0 OF 1/0 PORT 2. THIS SETS 


‘PW REL HIGH 
IN 2. ANPUT 1/0 PORT 2 TO ACCUMULATOR 
ORI 1 ‘SET BITOTO1 | 

> OUT 2 -QUTPUT RESULT - 

‘EXECUTE A 2 MILLISECOND PRINTWHEEL READY DELAY 
MVI A.0 ‘LOAD ACCUMULATOR WITH 0 
DCR A ‘DECREMENTA © 
JNZ LOP6 JF A DOES NOT DECREMENT TO 0. RE-OECREMENT 


TEST FOR EOR DET (BIT 6 OF I/O PORT 2) EQUAL 
‘TO 0. AS A PREREQUISITE.FOR ENDING THE PRINT CYCLE 


LOP7 IN 2 INPUT 1/0. PORT 2 TO: ACCUMULATOR 
i ANI 40H ISOLATE BIT 6 
Jz LOP7 ‘RETURN AND RETEST IF NOT 0 
AT END OF PRINT CYCLE SET BIT 1 OF I/O PORT 2 TO 1 
‘THIS SETS CH RDY HIGH : 
IN 2 <INPUT 1/0. PORT: 2 TO ACCUMULATOR 
- ORI 2 ‘SET.BIT.1TO1_ 
~ QUT 2 OUTPUT RESULT 


JMP START — ;JUMP TO ea Hecke ces TEST 
INDEX TABLE FOLLOWS HERE : 
ORG 0380H f 
Data represented by 90 index entries follow Heres. “Data appears in mnemonic field, 
one byte per line. : 
DELAYS TABLE FOLLOWS HERE 


ORG O3FOH 
Data representing 6 ie foto Dare. Dat appears in mnemonic field, two bytes 
per line. 


Figure 4-6. A Simple Print Side snes (Continued) 


Here is the final program memory map identifying the way in which the program il- 
lustrated in Figure 4-6 uses ROM memory: 


Prograrr 


Memory 
0000 
Object 
Prograry 
037F 
0380 
O3EF 
3FO 
O3FF 


Chapter 5 
A PROGRAMMER’S PERSPECTIVE 


The program we developed in Chapter 4 is considerably shorter and easier to 
follow than the digital simulation of Chapter 3. While we came a long way in 
Chapter 4 we still have a way to go. The program in Figure 4-6 treats the logic to 
be implemented as a single transfer function, but it is not a well written program. 


To the digital logic designer, one of the most confusing things about programming 
is the trivial ease with which you can do the same thing in ten different ways. 
Does this imply that some implementations are more efficient than others? Indeed 
yes. To a great extent writing efficient programs is a talent, just as creating effi- 
cient digital logic is a talent; but there are certain rules which, if followed, will at 
least help you avoid obvious mistakes. In this chapter we are going to take the 
program created in Chapter 4 and look at it a little more carefully. 


SIMPLE PROGRAMMING EFFICIENCY 


The first thing you should do, after writing a source program, is to go back over it, 
looking for elementary ways.in which you can cut out instructions. 


EFFICIENT TABLE LOOKUPS 


On average, you will find that it is possible to reduce a program to two-thirds of its 
original length, simply by writing more efficient instruction sequences. In Figure 
4-6, the most obvious example of sloppy programming involves the Index Table. 
The program loads a value between 1 and 6 from an Index Table byte, then multiplies this value 
by two before adding It to the base address of the Delay Table. Why not directly store twice 
the index in the Index Table? That cuts out one instruction as follows 

ASCII 

Code Character 


DATA 
MEMORY 


20 blank Index Tabie. 


Delay Table 


‘ASCII CODE IS VALID 


SUI 20H ‘SUBTRACT 20H = 
LXI H,INDEX ;LOAD INDEX TABLE BASE ADDRESS 
ADD L :-ADD ACCUMULATOR CONTENTS TO HL 
MOV LA 
‘MOV = AM :LOAD INDEX X2 INTO ACCUMULATOR 
LX H.DELY “LOAD: DELAY TABLE BASE ADDRESS INTO. HL 
/ ADD L -ADD ACCUMULATOR CONTENTS’ TO HL 
ADD gait LA 
instruction 
dropped 


In the instruction sequence above, notice that one instruction has been removed following the 
shaded MOV instruction. 


There are still a number of additional ways in. which we can make. the Delay Table lookup more 
efficient. Why subtract 20,, from the ASCII code, for example? If we are going to add the 
ASCII code to a base address, there is nothing to stop us Equating this base address, represented 
by the symbol INDEX, toa value 20,¢ less than the first real Index Table byte. Our instruction se- 
quence now collapses further, as follows: 


0360 ag INDEX 
0361 
ASCII 


Index Table 


Delay Table 
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AES A ay 


INDEX EQU 0360H /EQUATE INDEX TO TABLE BASE ADDRESS -20H 


‘ASCII CQDE IS VALID 
Lx! H,INDEX ‘LOAD INDEX TABLE BASE ADDRESS -20H 


SUI ADD L “ADD ACCUMULATOR CONTENTS TO HL 
instruction MOV LA 
dropped MOV AM :LOAD INDEX X2 INTO ACCUMULATOR 
LX! H,DELY ;LOAD DELAY TABLE BASE ADDRESS INTO HL 
ADD L ‘ADD ACCUMULATOR CONTENTS TO HL 
MOV LA 


Okay, so INDEX is now being equated to 0360,,-— which means that we no longer need to 
subtract 201, from the ASCII code. We have-eliminated the SUI instruction which was above the 
shaded LX| instruction. Now instead of storing twice the character density index in 
the Index Table, why not store the second half of the Delay Table address? Our 
program will now contract further as follows: 


DATA 
MEMORY. 
0360 INDEX 
0361 
ASCII 
Code Character 1 rT 


20 blank 
21 


0380 Index Table 


Delay Table 


INDEX EQU 0360H sEQUATE INDEX TO TABLE BASE ADDRESS -20H 


-ASCIl CODE IS VALID 
LXI H, INDEX :LOAD INDEX TABLE BASE ADDRESS -20H 
ADD L :ADD ACCUMULATOR CONTENTS TO HL 
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MOV LA 
MOV LM -LOAD LOW ORDER BYTE OF DELAY TABLE ADDRESS 


MVI H,03H :LOAD HIGH ORDER BYTE OF DELAY TABLE ADDRESS 


Two more. instructions have disappeared. 


We have. now taken out four instructions from the sequence which loads the printhammer firing 
initial. delay constant — and we are still not done. 


Why not move the whole Index Table, so that instead 

of occupying memory locations 0380,, through 03DA,,, oun 
it occupies memory locations 0320,, through 037A,6? | access 

The ASCIl-code, stripped of the parity bit, now becomes the low. INSTRUCTION 

order byte of the Index Table: address; and our instruction se- SEQUENCE 

quence contracts. further. as follows: 


ASCII DATA 
Code Character MEMORY 


Index Table 


Delay Table 


‘ASCIL_ CODE IS VALID 


MVI H,03H ;LOAD INDEX TABLE ADDRESS,.HIGH ORDER BYTE 
MOV LA ‘MOVE LOW ORDER BYTE OF ADDRESS TO L 
MOV LM ;LOAD-LOW. ORDER BYTE OF DELAY TABLE ADDRESS 


Suppose a “w™ character is to be printed. Before the first of the above three instructions is ex- 
ecuted, the Accumulator contains 77 j,, asa result of the previous: 


IN 1 
ANI 7FH 


instructions’ execution. Following execution of the: 
MVI H,03H 


5-4 


instruction, the H register will contain 03,.; this is the upper half of the implied memory address. 
Next the instruction: 


MOV LA 


moves 77,6 from the Accumulator to the L register. H and L now contain 03774, this is the 
effective implied address. The next instruction: 


MOV L.M 
moves, to the kL register. the contents of the memory byte addressed by HL 


HL contains 0377,¢. Memory byte 0377;— contains FAy., therefore FA, is moved to the L 
register. The new implied address is O3FA,g: and that is the required Delay Table address 


Nine instructions have been reduced to three and the only price paid is that we 
have had to move the Index Table to a new area of data memory. 


To insure that you understand how the program will now look, the old and new instruction se- 
quences are shown side-by-side below, without comment fields: 


Old Program New Program 
ASCIl CODE IS VALID 

SUI 20H MVI H,03H 
LXI H,INDEX MOV LA 
ADD E MOV L.M 
MOV LA 
MOV A.M 
ADD A 
LXl H,DELY 
ADD L 
MOV LA 


" Unfortunately there are no golden rules which, if followed, will ensure that you always write the 
shortest program possible. Once you have written a few programs, you will understand how in 
dividual instructions work; and that, in turn, generates efficiency. The purpose of the preceding 
pages has been to demonstrate the enormous difference between a compact program and a 
straightforward program. If your product is going to be produced in high volume, it behooves you 
to spend the time and money cutting down program size -— then you may be able to eliminate 
some of your ROM chips 


HARDWARE UTILIZATION 


All computer programmers try to write efficient assembly language programs. 
However, only microcomputer programmers must consider hardware utilization as 
an integral contributor to programming efficiency. 


Now we used the 8255 Programmable Peripheral Interface in Mode 0, accessing 
port bits in the most obvious way. Let us explore some of the alternatives. 


BIT SET/RESET 
INSTRUCTIONS 


HARDWARE-SPECIFIC INSTRUCTIONS 


Observe that much of the time we are setting and reset- 
ting individual bits which become input and output signals. 
The 8255 PPI has a Control I/O port, which in our case is 
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addressed as I/O Port 3. Individual bits of I/O Port 2 can be set or reset by output- 


ting an appropriate control word to I/O Port 3. This is the format of the control 
word: 
7, Bb AS83525) 


1 to set-a bit 
Q to-reset a bit 


000°Select bit 0-if 1/O Port 2 
Q01 Select bit 1-of 1/O Port 2 
010 Select. bit 2 of 1/O-Port 2 
011 Select bit 3°of 1/0 Port 2 
100 Select. bit 4 of 1/0 Port. 2 
101 Select bit 5.of 1/O:Port 2 
110 Select-bit 6 of 1/O Port 2 
111 Select bit 7°of 1/0. Port 2 
Ignored 


O.spécifies bit set/reset control Word. 


Notice that this bit set/reset instruction’is hardware dependent; it relieson }/HARDWARE 
logic within.the' 8255 PPI forthe requirements of the instruction to’be im- DEPENDENT 
plemented: INSTRUCTIONS 


The bit set/reset control instructions do not save steps when 

reading the status of an input signal; but they do convert three instructions into 
two instructions whenever we want to change the status of an output signal. 
Going through the program summarized in Figure 4-6, here are the effective 
changes: 


Old Program New Program 
;FIRE PRINTHAMMER. SEF HAMMER PULSE LOW. 
‘OUTPUT 0.TO BIT 2 OF I/O. PORT 2. 


IN 2 MvVI Ad 
ANI FBH QUT 3 


OUT 2 


‘AT END. OF DELAY OUTPUT-1 TO BIT 2 OF 1/O PORT 2 
(HAMMER PULSE HIGH) 


IN 2 MVI A‘5 
ORI 4 OUT 3 


OUT 2 


OUTPUT 4. TO. BIT O:OF.1/Q:PORT 2. THIS SETS 


:PW_ REL HIGH 
IN 2 MVI Al 
ORI 1 OUT 3 
QUT 2 - 


sAT END OF PRINT. CYCLE-SET BIT 1 OF 1/0. PORT 2:TO 1. 
‘THIS. SETS CH: RDY: HIGH 


IN 2 MvI A.3 
ORI 2 OUT 3 

OUT 2 JMP START 
JMP. START 
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In case you still have lingering doubts as to how. the bit set/reset | BIT SET/RESET 
works, we. will graphically illustraté- HAMMER PULSE “being output | ILLUSTRATED 


high. This requires 1 to be output to bit-2 of 1/O Port 2: 


Old Program New Program 
instruction Accumulator Instruction Accumulator 
Contents Contents 
IN. 2 XXXXXXXX MVt A5S 00000101 
00000100 
OR! 4 XXXXX1TXX OUT 2 
OUT 2 7 1/O Port 2 bit set Is active 
bit 2 
set to 1 


DIRECT USE OF HARDWARE FEATURES 


We are going to assume that external logic uses the PRINTWHEEL READY signal 
to ensure that it does not attempt to input a new character code until the prior 
character code has been processed. We expend some instructions setting PRINT- 
WHEEL READY low at the beginning of the print cycle, then resetting it/high at 
the end of the print cycle. 


Without a clear definition of the logic external to our microcomputer system, we 
have no way of knowing whether the PRINTWHEEL RELEASE and PRINTWHEEL 
READY output signals are needed externally to define specific time delays, or 
whether they are simply being used to ensure that we allow one character to 
complete printing before trying to start printing the next character. If the only 
function of the PRINTWHEEL READY signal is to ensure that a new character is 
not input to the microcomputer system before the old character has been printed, 
then we can dispense with the PRINTWHEEL READY signal and replace it with 
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strobed input, using Mode 1 for 1/O Port 1. This is how our I/O ports will now be 
assigned: 


HANMER ENABLE 
FOR eT 

VELOCITY DECODE (FFI) 
HAMMER tNTERLOCK 


ee tnd cs START. RIBBON. MOTION PULSE 
a or . e 
at HAMMER PULSE 


{also Port 2} 


assigned to output Mode 0. a] PW.REL 


8255 Port C lower —_— 
{also Port 2) STB } Replace PW READY 
IBF 


Mode. 1 controt port 


8255;Pon B 
{also Port 4) 
assigned to input Mode-t 


Eight bit, ASCH 
character code 


This is how the 8255 PPI control code is constructed: PPI 
CONTROL 


76543210 
LifofoPi fori fitx 


CODE 


Don't care 

Port B-is used for input 

Group 2 ports.are Mode 1 

Port C (upper) is used for output 
Port A is used for input 

Group 1 ports are Mode 0 
Mode set is active 


When external logic-inputs a_new character at |/O Port 1. it simultaneously inputs a low strobe 
signal at pin’ 2 of 1/O Port 2 (STB). At this instant the 8255 PPI will output IBF high at pin tof 1/0 
Port 2. IBF will remain high until instructions are executed to read the-contents of !/O Port 1 into 
the CPU. At this time IBF will be reset low. This may be illustrated as follows: 


DATA IN TO I/O PORT 1 | SR 4 
Wes ee Laken te ke se Gey 


IBF 
minions 


NEW DATA IN ALLOWED 
AT ANY TIME 
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Now the print cycle logic only reads the contents of |/O Port 1 once during any print cycle. In 
Mode 1, |/O Port 1 is buffered; therefore all external logic has to do is use IBF as a strobe signal. 
So long as IBF is low, external logic is free to input the next ASCI! character. If IBF is high, then ex- 
ternal logic must wait. 


This scheme eliminates the PRINTWHEEL READY signal and any instructions needed to manipul- 
ate this signal. 


Notice that the data signals which were output via bits 0 through 3 of 1/O Port 2 
have been moved to bits 7 through 4 of I/O Port 2. The sianals that were allocated 
to bits 7 through 4 of I/O Port 2 have been moved to I/O Port 0. There is good 
reason for this movement. Remember, the bit set/reset controls only works for I/O Port 2. If 
we want to reduce from 3 to 2 the number of instructions required to change the status of an 
output signal, then the output signals must be assigned to pins of 1/O Port 2. Since we cannot 
reduce the number of instructions required to sample input signals, we might as well move these 
signals to 1/O Port 0 


SUBROUTINES 


If you look again at the program in Figure 4-6, you will notice that at two points 
within this program we execute identical instruction sequences to create a 2 
millisecond delay. Now it only takes three instructions to execute a 2 millisecond 
delay, so the fact that these three instructions have been repeated is no big tra- 
gedy. If you think about it, however, the potential exists for some very 
uneconomical memory utilization in longer programs. 


We have kept our program simple in Chapter 4 because it must remain small 
enough to handle in a book; but project, if you will, a more complex routine where 
a 30 instruction sequence needs to be repeated, rather than a 3 instruction se- 
quence. We must now find some way of including the instruction sequence just 
once, then branching to this single sequence from a number of different locations. 
within a program, as needed. That is what a subroutine will do for you. 


Let us take the 3 instructions which execute a 2 millisecond delay and convert 
them into a subroutine. This is what happens to relevant portions of the program: 


ORG 0 
LXI H,O8FFH sINITIALIZE STACK POINTER TO END OF 


SPHL ‘DATA AREA 


sEXECUTE PRINTWHEEL SETTLING 2 MS DELAY 
CALL D2MS 


‘EXECUTE A 2.MILLISECOND PRINTWHEEL READY DELAY 
PRD CALL D2MS 


‘AT END OF PRINT CYCLE SET BIT 1 OF 1/O PORT 2 TO 1 
‘THIS SETS CH RDY HIGH 


MVI A.3 ‘THESE ARE THE NEW INSTRUCTIONS 
OUT 3 ‘TO SET A BIT OF }/O PORT 2 
JMP START 
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‘SUBROUTINE TO EXECUTE A 2 MILLISECOND DELAY 


D2MS MVI AO ‘LOAD ACCUMULATOR WITH 0 
LOPD DCR A ‘DECREMENT A 
JNZ LOPD ‘IF A DOES NOT DECREMENT TO 0, RE-DECREMENT 


RET ;RETURN FROM SUBROUTINE 


In order to understand how a subroutine works, we will assign some arbitrary memory addresses 
for our source program’s object code; we will show, step-by-step, what happens when a 
subroutine is called and what happens upon returning from the subroutine. First of all, here is 
the assumed memory map: 

PROGRAM 

MEMORY 


LX! H,O8FFH 21 0000. 
FF 0001 


g 


3 


SPHL 


LOP1 IN 2 


Qo 


co) al (2) Soi tim 
so} OLS] ol ops 


ny. 


CALL D2MS 


BC LOP3 IN 2 


PC Mv A3 


OUT 2 


D2MS Myvi AO 


LOPD OCR A 
JNZ LOPD 


RET. 


DATA 
MEMORY 
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SUBROUTINE CALL 


Suppose we are about to execute the first CALL D2MS instruction. At this point 
registers will contain the following data: 


PROGRAM 
MEMORY 


LX H.O8FFH 


EH [ 
al 


o 
a 


SPHL 


LOP1 IN 2 o001Cc 
001D 
OO1E 
OO1F 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 


ANI 20H 


JNZ LOP1 


CALL 02MS 


fe) 


IN 


nm 


f 
is] 


MvI A3 OOFO 
OOF 1 
OOF2 
OOF3 
OOF4 
OOF5 
OOF6 
OOF7 
OOF8 
OOF9 
OOFA 
OOFB 
OOFC 
RET cg OOFD 


OUT 2 


JMP. START 


02MS MvVI AO 


LOPD DCR A 
JINZ LOPD 


2 


DATA 
MEMORY 


0800 
0801 
0802 
0803 
0804 
0805 


O8FD 
O8FE 
O8FF 


The Program Counter (PC) addresses the first byte of the Call instruction’s object code; this ad 
dress is 0023,,. The instruction register holds the object code for the most recently executed in- 
struction; this.is a JNZ instruction-located at byte' 002046. The Stack Pointer, you will notice, was 
initialized at the beginning of the program; it contains O8FF ,,.. According to Figure 4-2, this is the 
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address of the first byte of read/write memory. Since the stack has not been used, the stack 
pointer will still contain O8FF ;.. 


The Accumulator contains. 00 because this was the-condition which caused execution 10 break 
Out of the ‘holding loop starting at LOP1. 


Now when the Cail instruction is executed, steps occur as follows: 


The Call instruction object code is loaded into the Instruction register and the Program Counter is 
incremented: 


PROGRAM 
MEMORY. 
Lx H,0800 0000 
oe 
SPHL 0003 
! ' 
' ! 
LOP! IN 2 A 
ANI 20H 
JNZ OP) 
CALL D2Ms 
A [00] RRB 
a ER a 
pie Nae TERR LS 
Jot Ses CPCS ' ! 


sp 
PC coro 
OOF 
ee es 2) 
OOF 
OOF 4 
OFS 
[00] 00F6 
OOF? 
[oo] (Gre 
ooF9 
OOF A 
QOFB 
es ee 
OOFD 
DATA 
MEMORY 
0800 
0801 
0802 
0803 
0804 
0805 
O8FD 
O8FE 
O8FF 


The Program Counter is incremented by 2 to bypass the CALL address. This incremented value is 
Saved in the first two stack bytes. The CALL address is then loaded into the Program Counter. 
The Stack Pointer is decremented by 2 so that it addresses the first free stack byte: 


PROGRAM 
MEMORY 


txI H,08FFH 0000 


001C 
001D 
OO1E 
OO1F 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 


OOFO 
OOF 1 
OOF2 
OOF3 
OOF4 
OOFS 
OOF6 
OOF7 
OOF8 
OOF9 
OOFA 
OOFB 
QOFC 
OOFD 


0026 out 


MEMORY 


[0800 
a 
PS (0802 
es 
a 
coe 


0805 


O8FD 


inna, 
je me 
7) 


26 O8FF 
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The next instruction executed has its object code stored in memory byte OOF7,,; this is the 
memory byte now addressed by the Program Counter: 


PROGRAM 
MEMORY 
Uxh H,08FFH 0000 
0001 
| 08" J 0002 
SPHL 0003 
! ' 
' ! 
Lor) IN 2 | DB} 001C 
001D 
ANI 20H ae 
Oo1F 
JNZ LOP1 0020 
0021 
022 
CALL 02MS 0023 
0024 
eS P00} 0025 
re iRiea ie TOMS BOG Co eae 2 P~De_ |; 0028 
31] DSRS SAN 0027 


w 
m 


D3 


DATA 
MEMORY 


0800 
0801 
0802 
0803 
0804 
0805 


O8FD 
O8FE 
OBFF 


is) 
D> 


Instructions within the 2 millisecond delay loop are now executed repetitively until the Accumula- 
tor contents decrements from 01 to 00. Remember, the first time the Accumulator is decre- 


mented it will go from 00 to FF,¢ and that is why the two instruction loop beginning at LOPD will 
be executed 256 times. 


SUBROUTINE RETURN 


When the Accumulator finally decrements from 01 to 00, execution passes to the 
Return (RET) instruction. This instruction increments the contents of the Stack 
Pointer by 2, then moves the contents of the two top stack bytes into the Pro- 


gram Counter. Thus, program execution returns to the instruction that follows the 
Call: 


PROGRAM 
MEMORY 
Lx! H,O8FFH 0000 
0001 
0002 
SPHL 0003 
LOP| IN 2 001¢ 
02 001D 
ANI 20H OO1E 
oo1F 
JNZ LOP1 0020 
1c 0021 
0022 
CALL 02MS 0023 
0024 
0025 
LOP3 IN 2 0026 
0027 
MVi A3 OOFO 
OOF 1 
OUT 2 OOF2 
OOF3 
JMP START OOF4 
oF 
OOF6 
02MS MVI AO OOF7 
a 
LOPD DCR A OOF9 
LOPD OOFA 
OOFB 
ooFC 
o0Fo 
DATA 
MEMORY 
es 
[—__] 0801 
T_} 0802 
ee 
a 
1} (0808 
ee 
| 
O8FF 
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In ‘summary, this is*°what happened: 


When the Call instruction was executed, the address of the next instruction was saved in the 
stack. The’ Call instruction provided the address of the next instruction to be executed. 


The next instruction to be executed was the first instruction of the subroutine. 


The last instruction of the subroutine merely caused the address saved at the top of the stack to 
be returned to the Program Counter: and this, in turn, caused execution to branch back-to the in- 
struction following the Call. 


WHEN TO USE SUBROUTINES 
There is a price associated with using subroutines: 
1) Each Call instruction represents three additional bytes of object code. 


2) The instruction sequence which has been moved to the subroutine must have 
an appended Return instruction which costs one byte of object code. 


Let us first look at our specific case. The three instructions which constitute the 2 millise- 
cond delay occupy 6 bytes of object code. These three instructions occur twice; therefore, com- 
bined, they occupy 12 bytes of object code. When moved to a subroutine, adding the Return in 

struction increases the object code bytes from 6 to 7. In:addition, there are two Call instructions 
and each requires 3 bytes of object code — which means that the two Call instructions, plus the 
subroutine, generate 13 bytes of object code. This may be illustrated as follows: 


Old Program New Program 
MVI 
CALL D2MS 
LOP2 DCR 
Nz re ey 
' 
' 
cD 
CALL DaMS 
POR MVI 
LOP6 DCR 
INZ D2MS Mvi AO 


LOPD DCR A 
JNZ LOPD 


12 bytes RET 


13 bytes. 


In our specific case, therefore, moving the 2 millisecond delay instruction se- 
quence into a subroutine has cost us one byte of object code. It has cost us four 
additional bytes of object code — required to initialize the Stack Pointer; and our 
microcomputer system is now going to require RAM memory. 


A stack can only exist if read/write memory is present. 


Now these comments do not imply that subroutines are a dubious programming feature, to be 
used ‘sparingly; on: the contrary, it is hard to conceive of any program which, when well written; 
will not include some subroutines. But bear in mind that there is a minimum subroutine size 
below which subroutines in general become uneconomical. 
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Suppose there are N bytes of object code in an instruction sequence which you are plan- 
ning to convert into a subroutine. 


Suppose the N bytes of object code occur M times; that means when the N bytes of ob- 
ject code become a subroutine, it will be called by M CALL instructions. 


Without subroutines, M x N bytes will be consumed repeating N bytes M times. 
With subroutines, the number of bytes consumed is: 
3M + (N+ 1) +3 +2 


2 bytes on stack for address storage 

Bytes for stack initialization instruction object codes 
Subroutine, including RET instruction 

M subroutine calls 


For the subroutine to be worthwhile, 3M + N + 6 must be less.than M x N: 


‘ad 


Table 5-1 shows the minimum economic subroutine length as a function of the 
number of subroutine calls. 


Table 5-1. The Shortest Economic Subroutine Length As A Function 
Of The Number Of Times The Subroutine Is Called 


Number Of Subroutine Minimum Economic 
Calls (M) Subroutine Length (N) 


2 12 Bytes 
3 8 Bytes 
4 6 Bytes 
5 6 Bytes 
10 4 Bytes 
20 4 Bytes 


CONDITIONAL SUBROUTINE RETURNS 


Even though none of the repeated instruction sequences within the program in Figure 4-6 are 
long enough to justify being turned into a subroutine, we will nonetheless explore the potential of 
subroutines further. 


Just as there are conditional Jump instructions, which we use frequently within a. 
time delay loop, so there are conditional subroutine Call instructions and condi- 
tional Return from Subroutine instructions. 


Conditional subroutine Call and Return instructions are particularly useful in longer subroutines 
within which there are variable execution paths. 


Consider the printhammer firing instruction sequence in Figure 4-6. Given the pro- 
gram as illustrated, this instruction sequence occurs just once, which means that Converting. it 
into a subroutine would make no sense. It is possible to imagine a more extensive pro- 
gram which performs a wide variety of printer interface operations, such that 
printhammer firing logic might be triggered for a number of different reasons. 
Since the printhammer firing logic consists of a fairly long set of instructions, put- 
ting these instructions in a subroutine would be absolutely mandatory. Consider 
the following subroutine implementation: 


;PRINTHAMMER FIRING SUBROUTINE 


PFIR IN 2 sINPUT 1/O PORT 2 TO ACCUMULATOR 
RLC ;MOVE BIT 7 INTO CARRY 
RNC iE GARRY 1S NOT SET, RETURN 
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ASOLATE BIT 4 WHICH IS NOW BIT 5 
IF ZERO, RETURN 


‘FIRE PRINTHAMMER 


MVI A4 :SET HAMMER PULSE LOW. OUTPUT 0 

OUT 3 :TO BIT 2 OF I/O PORT 2 

IN 1 ‘INPUT ASCII CHARACTER CODE TO ACCUMULATOR 

ANI 7FH ;MASK OUT HIGH ORDER BIT 
;COMPARE ASCII CODE WITH LOWEST LEGAL VALUE 

CPI eal 

Ries “IF CODE IS 1FH OR LESS, BYPASS HAMMER FIRING _ 
;COMPARE ASCII CODE WITH. HIGHEST LEGAL VALUE 

CPI 7AH 


‘ASCII CODE IS VALID 


MVI H,03H :LOAD INDEX TABLE ADDRESS, HIGH ORDER BYTE 
MOV LA :MOVE LOW ORDER BYTE OF ADDRESS TO L 
MOV L.M ;LOAD LOW ORDER BYTE OF DELAY TABLE ADDRESS 
CALL LDLY ;CALL LONG DELAY SUBROUTINE 
MVI A5 :AT END OF DELAY OUTPUT 1 TO BIT 2 OF 
OUT 3 1/0 PORT 2 (HAMMER PULSE HIGH) 
;EXECUTE A 3 MS PRINTWHEEL RELEASE TIME DELAY 
LX] H,MS3 


CALL LDLY 
;OUTPUT 1.TO BIT 0 OF I/O PORT 2. THIS SETS 


;PW REL HIGH 
MvVI Al 
OUT 3 
RET :RETURN FROM SUBROUTINE 


‘LONG DELAY SUBROUTINE. ASSUME H AND L 
“ADDRESS THE FIRST OF TWO DATA BYTES WHICH HOLD 
‘THE INITIAL DELAY CONSTANT 


LDLY MOV EM ;LOAD INITIAL DELAY CONSTANT 
INX H 
MOV D.M 

LDLP DCX D “EXECUTE LONG DELAY 
MOV AD 
ORA E F | 
JNZ LDLP 
RET ;RETURN AT END OF LONG DELAY 

MS3 OOF7H :PRINTWHEEL RELEASE TIME DELAY CONSTANT 


The subroutine illustrated above only fires the printhammer if | CONDITIONAL 
all necessary conditions have been met; a quick exit is ex- | RETURN 
ecuted if any firing condition has not been met. The condi- 


tional Return instructions are shaded. 


Notice that we have used the more compact instruction sequences both to output single bit data 
to !/O Port 2 and to identify the correct printhammer firing delay. 


Note also that we have added a subroutine within the | NESTED 
subroutine. The long delay instruction sequence has been | SUBROUTINES 
moved to a subroutine, the first instruction of which is labeled 

LDLY. This is referred to as a ‘‘nested subroutine’. 


One novel feature of subroutine LDLY is that it requires the initial delay | SUBROUTINE 
constant to be stored in two bytes of memory. the first of which is ad- PARAMETER 


dressed by the H and L registers when LDLY is called. Instructions 
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within subroutine LDLY will actually load the initial delay constant into the D and 
E registers. The initial delay constant becomes a parameter, which allows one 
subroutine to implement a complete spectrum of time delays. Subroutine parameters are a very 
important feature of subroutine use. 


The second time subroutine LDLY is called, instead of loading the required initial constant (F74¢) 
into the D and E registers, we load an address represented by the symbol MS3 into the H and L 
registers. The symbol MS3 will become the address of two data bytes, somewhere in memory; 
within these two data bytes the value OOF7,, must be stored 


MULTIPLE SUBROUTINE RETURNS 


Subroutine PFIR is not as useful as it could be. There are four conditional returns 
from this subroutine, each of which is triggered by a different invalid condition. 
There is also a subroutine return following valid printhammer firing. 


How is the calling program to know whether the printhammer was or was not 
fired after PFIR was called? Testing statuses is not very safe, since we cannot be certain 
what happens to status conditions during execution of the printhammer firing instructions them- 
selves. You cannot test the Carry status to determine whether the RNC instruction was the condi- 
tional return which caused an exit from subroutine PFIR; this is because you cannot tell what hap 

pens to the Carry status while the rest of the subroutine executes. For example, the Carry status 
will be O if the RM conditional return instruction causes an exit from subroutine PFIR. 


Subroutines which contain a large number of conditional error exits, in addition to 
a standard return, will often contain logic which returns to a number of different 
instructions in the calling program. Take the case of subroutine PFIR. The instruc- 
tion sequence which calls this subroutine may appear as follows: 


RTO CALL PFIR ;CALL PRINTHAMMER FIRING SUBROUTINE 


JMP RT1 ;RETURN HERE FOR PRINTWHEEL REPOSITIONING 
JMP RTO sRETURN HERE FOR HAMMER INTERLOCK LOW 

JMP RT2 ;RETURN HERE FOR ASCII CODE LESS THAN 20H 
JMP RT3 ‘RETURN HERE FOR ASCII CODE GREATER THAN 7AH 


INSTRUCTIONS WHICH FOLLOW ARE EXECUTED AFTER 
‘VALID PRINTHAMMER FIRING 


INSTRUCTIONS WHICH FOLLOW ARE EXECUTED FOR 
:PRINTWHEEL REPOSITIONING 
RT] 


INSTRUCTIONS WHICH FOLLOW ARE EXECUTED FOR 
:ASCIl CODE LESS THAN 20H 
RT2 


INSTRUCTIONS WHICH FOLLOW ARE EXECUTED 
:-FOR ASCIl CODE GREATER THAN 7AH 


RT3 
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Now for this scheme to work, subroutine PFIR must increment the return address, 
which is stored in the top two bytes of the stack, every time a conditional Return 
is executed. Subroutine PFIR is therefore modified as follows: 


:PRINTHAMMER FIRING SUBROUTINE 


PFIR IN 2 ‘INPUT-170 PORT°2: TO ACCUMULATOR 
RLC. /MOVE BIT 7 INTO CARRY 
RNC ‘IF. CARRY: IS. NOT SET, RETURN 
CALL INCR |INCREMENT..RETURN ADDRESS 
ANI 20H |SOLATE: BIT 4 WHICH. IS: NOW.BIT 5 
RZ IF ZERO, RETURN 
CALL INCR INCREMENT RETURN ADDRESS 
:FIRE-PRINTHAMMER 
MVI A4 ‘SET HAMMER. PULSE LOW. OUTPUT. 0 
OUT 3 :TO-BIT 2 OF 1/O PORT 2 
IN 1 INPUT ASCII CHARACTER CODE TO ACCUMULATOR 
ANI 7FH ;MASK OUT HIGH ORDER BIT 
‘COMPARE ASCIl CODE WITH LOWEST LEGAL VALUE 
CPI 20H 
RM ‘IF. CODE IS 1FH.OR LESS; BYPASS HAMMER FIRING 
CALL INCR INCREMENT RETURN ADDRESS 
;COMPARE ‘ASCII CODE WITH HIGHEST LEGAL VALUE 
CPI 7AH 
RP ‘IF- CODE. 1S.-7BH OR: GREATER, BYPASS FIRING 
CALL INCR INCREMENT. RETURN ADDRESS 
“ASCII-CODE IS VALID 
MVI H,O3H ‘LOAD INDEX TABLE ADDRESS, HIGH ORDER BYTE 
MOV LA ‘MOVE LOW ORDER BYTE.OF ADDRESS TO L 
MOV L,.M ;LOAD LOW ORDER BYTE.OF. DELAY TABLE ADDRESS 
CALL LDLY ‘CALL LONG DELAY SUBROUTINE 
MVI AS “AT ENO OF DELAY. OUTPUT 1-TO BIT 2 OF 
OUT 3 ‘1/O-PORT 2 (HAMMER PULSE HIGH) 
‘EXECUTE A’3 MS PRINTWHEEL RELEASE TIME DELAY 
LX! H.MS3 
CALL LDLY 
‘OUTPUT 1 TO BIT.0 OF 1/0 PORT 2. THIS SETS 
;PW_REL HIGH 
MVI A. 
OUT 3 
RET ‘RETURN FROM SUBROUTINE 


‘LONG DELAY SUBROUTINE. ASSUME -H AND L 
:ADDRESS THE FIRST OF TWO DATA:BY-TES WHICH HOLD 
iTHE INITIAL DELAY: CONSTANT 


LDLY MOV E.M ‘LOAD INITIAL DELAY CONSTANT 
INX H 
MOV D.M 
LDLP. DCX D “EXECUTE LONG DELAY 
MOV AD. 
ORA E 
JNZ LDLP 
RET. ;RETURN AT END OF LONG DELAY 


‘SUBROUTINE. TO-INCREMENT THE RETURN ADDRESS 
[OF THE ‘CALLING SUBROUTINE 


INCR INX SP ‘INCREMENT. STACK’ POINTER TWICE 
INX SP. ‘TO. ACCESS PFIR- RETURN ADDRESS 
XTHL “EXCHANGE HL WITH -PFIR-RETURN ADDRESS 
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INX H ;ADD 3 TO RETURN ADDRESS 

INX H 

INX H 

XTHL ;RESTORE RETURN ADDRESS 

DCX sP :DECREMENT STACK POINTER TWICE 
DCX SP 

RET ‘RETURN 


Subroutine INCR is interesting; it shows how the stack 
may be manipulated. Let us take a look at what happens. 


STACK 
MANIPULATION 
As soon as subroutine INCR is entered, the Stack Pointer contents is 


increased by two. This has the effect of addressing the PFIR return address rather than the-INCR 
return address: 


STACK 
Address of instruction following 
Stack Call to INCR 
Pointer Address of instruction following 
i Call to PFIR 


The XTHL instruction simply saves the contents of the H and L registers at what is now the top of 
the stack, while moving what was at the top of the stack to the H and L registers: 


STACK 


+ Address of instruction 

SP f following Call to INCR 
HA > Address of instruction 
} following Callto PFIR 


The next three instructions add 3 to. the contents of the Hand L registers, which now hold the 
PFIR return address. We add 3 to the return address because, if you look at the calling sequence, 
a series of Jump instructions follow. Each Jump instruction. occupies 3 bytes, which means that 
each time we bypass a Conditional Return, we must increment the return address by 3: 


CALL PFIR 
JMP. RT1 
JMP RTO 
JMP RT2 


The next XTHL instruction simply réstores the incremented PFIR return address to the top of the 
stack. 


Finally we must restore the Stack Pointer to its original’contents. so that the INCR Return instruc 
tion will. fetch the correct return address. 


CONDITIONAL SUBROUTINE CALLS 


We are now going to create another subroutine which fires the printhammer, but 
makes no tests to ensure that the printhammer should be ‘fired. This subroutine 
simply assumes that a valid ASCII character is in the Accumulator and that the 
printhammer must be fired. All logic to determine whether printhammer firing is 
valid is external to the printhammer firing subroutine; therefore this subroutine is 
called conditionally — so long as all printhammer firing conditions have been met. 
This is-how our program now ‘looks: 


sTEST PRINTHAMMER FIRING CONDITIONS 


LOP3 IN 2 INPUT 1/O-PORT 2 TO ACCUMULATOR 
RLC ‘MOVE BIT 7 INTO CARRY 
JNC PRD ‘IF CARRY |S.0, BYPASS PRINTHAMMER FIRING 
ANI 20H ISOLATE BIT 4 WHICH IS NOW BIT 5 
JZ LOP3 ‘WAIT. FOR NONZERO VALUE BEFORE FIRING 
sINPUT CHARACTER TO BE PRINTED 
IN 1 INPUT ASCII CHARACTER TO ACCUMULATOR 
ANI 7FH ;MASK OUT HIGH ORDER BIT 
‘COMPARE ASCII. CODE WITH LOWEST LEGAL VALUE 
CPI 20H 
JM PRD IF CODE IS 1F OR LESS, BYPASS. HAMMER FIRING 
COMPARE ASCII CODE WITH HIGHEST LEGAL VALUE 
CPI 78H IF CODE IS LESS THAN 78H, CALL 
“CM ~~ FIRE’ © :PRINTHAMMER FIRING SUBROUTINE - 
‘EXECUTE A 2 MILLISECOND PRINTWHEEL READY DELAY 


PRD MVI AO :LOAD ACCUMULATOR WITH 0 


Notice that the Conditional Return instruction reflects OR programming logic, 
whereas the Conditional Call instruction reflects AND logic. Thus, subroutine PFIR in- 
cludes a number of Conditional Return instructions, each of which will execute providing any one 
invalid condition. is encountered. Subroutine FIRE, on the other hand, is called conditionally only 
when the last of the necessary valid conditions has been tested. 


Subroutine FIRE .is not shown in detail, since writing it out would add little to the understanding of 
the Conditional Call instruction. With reference to Figure 4-6, subroutine FIRE would consist of in- 
structions to: 

Set the hammer pulse signal low 

Execute the hammer firing pulse delay 

Set the printhammer firing pulse high 

Execute the 3 millisecond printwheel release time delay. 

Output PW REL high 


MACROS 


When talking about subroutines, we glossed over one consideration — you, the programmer. 
Subroutines have an additional value in that if they can reduce the number of source program in- 
structions then they will also reduce the amount of time you spend writing the source program 
since program writing time will be directly proportional to program length. 
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Let us take. another look at the 2. millisecond time delay subroutine. Although in subroutine form 
the program required more object code bytes, it did not require more instructions: 


Old Program New Program 
MVI A.O CALL D2Ms 
LOP2 DCR A 
JNZ LOP2 CALL D2MS 
PDR MVI A.O D2MS MVI AO 
LOP6 DCR A LOPD DCR A 
JNZ LOP6 JNZ LOPD 
RET 
6 instructions 6 instructions 
(12 bytes) (13 bytes, excluding stack and 


initialization instructions) 


Subroutines can decrease the length of your source program, while increasing the 
length of your object program, and the program’s execution time. 


Macros decrease the length of your source. program, but have vias eerie 2 no effect 
on your object program, 


WHAT IS A MACRO? 


A Macro is a form of programming “‘short hand’’; it allows you to define an instruc- 
tion sequence with a single mnemonic. 


Consider the 2 millisecond time delay instruction sequence; we can | MACRO 
define it as a macro, labeled D2MS, as follows: DEFINITION 


~D2MS-— MACRO 
MVI A.0 
LOPD —DCR A 


JNZ LOPD 


The two shaded instructions above are, in reality, assembler directives; | MACRO 
they bracket a sequence of instructions which henceforth can be iden- ASSEMBLER 
tified, as a group, using the label of the MACRO assembler directive. DIRECTIVES 
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This‘is how: we would’use the: 2 millisecond time ‘delay in our print cycle program: 


New. Equivalent 


Old Program Program, With Macro 
LOP1 IN f4 LOP1 IN 2 
ANI 20H ANI 20H 
az LOP1 JZ LOP1 
MVI AO D2MS 
LOP2 DCR A belo iN 
JNZ LOP2 RLC 
LOP3 IN 2 = 
RLC ORI 
es OUT 
ORI 1 PRD D2MS 
OUT 2 LOP7 IN 
PRD MVI AO is 
LOP6 DCR A OUT 
JNZ LOP6 JMP START 
LOP7 IN 2 D2MS MACRO 
we MVI A.0 
OUT 2 LOPD DCR A 
JMP START JNZ LOPD 
ENDM 


When the Assembler encounters the symbol! D2MS in the mnemonic field, what it does is 
replace this symbol with the instructions bracketed by directives MACRO and ENDM. The As- 
sembler knows which macro to use in the event that your program has more than one macro, 
since the symbol in the mnemonic field must be identical to. the label of a MACRO directive: 


Notice that the Assembler can also do a-certain amount of housekeeping associated with the use 
of macros. The “Old Program” illustrated above has labels LOP2 and LOP6 for the two DCR in- 
structions. The “New Program” has a single label, LOPD, within the macro. The Assembler is 
smart enough to know that a label appearing within a macro definition must become a series of 
separate. labels when the macro subsequently is inserted a number of times into the source pro- 
gram. 
MACRO 
DEFINITION 
LOCATION 


To summarize, you simply take a sequence of repeated in- 
structions, bracket them with MACRO and ENDM directives, 
then give the macro directive a unique label. Now use the 
MACRO’‘s label as though it were an instruction mnemonic. 
The macro definition must appear once and only once, some- 
where in the source program. It is a good idea to collect all of your 
macros and insert them at the beginning, or at the end of the entire source program. 


IN A SOURCE 
PROGRAM 


MACROS WITH PARAMETERS 


Instructions within a macro can have variable operands; for example, we can create a 
variable time. delay macro as follows: 


DVMS MACRO TIME 
MVI A TIME 
LOPD. DCR A 
JNZ LOPD. 
ENDM 
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Symbols appearing in the MACRO directive’s operand field are assumed by the Assembler to be 
“dummy” symbols; the macro reference in the body of the source program must include an 
equivalent operand field. The Assembler will equate the macro reference’s operand field to the 
MACRO directive’s operand field, and make substitutions accordingly. 


This is how the substitution works: 


Source Program Equivalent Source Program 
With Macros Without Macros 


Gin) ie om, 
. JNZ 


Here is another example; the macro reference: 


DVMS 80H 
iS equivalent to: 

MVI A.80H 
LOPD~ DCR A 

JNZ LOPO 


Depending on whose Assembler you are using, you.can play interesting games with the macro 
parameter list; in theory (but not always in (practice); there are no restrictions on the length or 
nature-of the macro parameter list’ Suppose-you want to vary the register used in the time delay 
instruction sequence; some assemblers will let you do so as follows: 


DVMS 
DVMS. . MACRO {.x,TIME 
MV TIME 
LOPD DCR x 
JNZ LOPD 
ENDM 
The Assembler will substitute: 
DVMS _C,3CH 
with: 
MVI C,3CH 
LOPD DCR Cc 
JNZ LOPD 


You will have to read the Assembler manual that accompanies your development 
system in order to know the exact macro features available to you. 
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Figure 5-1. Microcomputer Configuration: With. A Single Interrupt 
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INTERRUPTS 


It would be hard to justify including interrupts within the microcomputer system 
developed in Chapter 4. In fact, interrupts should be used quite sparingly in 
microcomputer applications. 

WHEN TO USE 
of interrupts within microcomputer systems, that subject has been ade- INTERRUPTS 
quately covered in ‘An Introduction To Microcomputers’, Volume |. To 


summarize, however, recall that interrupts are a valid tool within microcomputer systems only 
when dealing with fast, asynchronous events 


We will not enter into a long discussion on the strengths and weaknesses 


Now having issued a warning against the indiscriminate use of interrupts, we will 
proceed to incorporate simple interrupt processing into our microcomputer pro- 
gram in the interests of demonstrating how it is done. 


INTERRUPT HARDWARE CONSIDERATIONS 
For an interrupt to be processed within an 8080 microcomputer system, an inter- 
rupt request signal must be input high to the CPU at a time when interrupts have 
been enabled. 

INTERRUPT 
structions, respectively. The enabled condition is identified by ahignh | ENABLE 
output from the 8080 CPU INT ENABLE signal (INTE). External logic does 


not have to interrogate this signal before attempting to request an interrupt, any interrupt request 
will simply be ignored by the CPU while interrupts have been disabled 


Interrupts are enabled and disabled by executing E! and DI in- 


If an interrupt request is received while interrupts have 
been enabled, then upon completing execution of the cur- 
rent instruction, the CPU will output an interrupt 
acknowledge signal via the 8228 System Controller. Exter- 
nal logic which is requesting the interrupt must respond to 
the interrupt acknowledge by inputting an 8-bit instruction 
code which is going to be interpreted as the instruction code to be executed next. 
Usually one of the eight possible Restart instruction codes will be fetched. These 
instructions are equivalent to single byte subroutine calls; they cause the contents of the Program 
Counter to be pushed onto the stack, after which program execution continues at a low memory 
address which may be computed as follows 


RESTART 
INSTRUCTION 


INTERRUPT 
ACKNOWLEDGE 


RST N instructor code: 111XXX11 
—_—— 


000 
001 
010 
011 
100 
101 
110 


VA 
—— 


2 -BA2 ee eS 
i] 


New Program 
Counter Contents: OOO0O000000XXX000 
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Therefore RST N instructions are equivalent to subroutine CALL instructions, with 
program execution branching as follows: 


Subroutine 
RST 0 branch to 0000;, 
RST 1 branch to 000816 
RST 2 branch to 001046 
RST 3 branch to 00184, 
RST 4 branch to 0020,.¢ 
RST 5 branch to 00284. 
RST 6 branch to 0030, 
RST 7 branch to 0038, 


The simplest way of creating an appropriate RST instruc- | RST INSTRUCTION 
tion externally is via an 8212 I/O port. Necessary logic is il- }|CODE CREATION 
lustrated in Figure 5-1. 


Now in Figure 5-1 the 8212 1/0 port has been used in the most elementary way possible. Let us 
examine this simple 1/O port use 


Since there is but one interrupt, it is tied directly to the INT REQ 8080 {SINGLE 
CPU input. The INT ENABLE CPU output is simply ignored. INTERRUPT 


CONFIGURATION 


When the single external logic source which can request an interrupt 
does so by inputting INT REQ high, at some subsequent time the CPU cae 
will acknowledge the interrupt via the 8228 Bus Controller, by outputting INTA low on the Control 
Bus. Now at the 8212 1/0 port the INTA signal is used as one of the two device select signals: 
The-other device select signal, DS2, must be high: it is therefore tied to Vcc. 


The sole purpose of the 8212 I/O port in Figure 5-1 is toinputan RST [8212 1/O PORT 
1 instruction once an interrupt is acknowledged by INTA being output | USED IN 

high. We select the RST 1 instruction arbitrarily. The only RST in- [INTERRUPT 
struction we cannot select is RST 0, since memory location |SYSTEM 

0 is used following a reset. The RST 1 instruction code is gener- 
ated by tying appropriate data-in pins to. ground and to level 1. current: 


GND =0 


om TTT 
8212 Data In Pins 


el OOn 14 RST 1 Code 


The mode pin (MD) is tied to ground, since the 8212 |/O port is being used in input mode. 
Since the only criterion for the 8212 |/O port to output data is that INTA be low, the STROBE and 
CLEAR inputs are disabled by tying them to Vcc. 


In summary, this is what happens when external logic requests an interrupt: 


External logic OS Se aaa aie 
generates INT REQ 
CPU eventually 
responds via INTA 


8212 Places £7,, 
(RST 1) code on 
Data Bus 


You, as a logic designer or programmer, do not need to concern yourself with Data Bus timing. 
The INTA signal will correctly strobe the RST 1 instruction code into the CPU, causing the 8212 
1/O port output to be interpreted as an instruction code, rather than being interpreted as data. 
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Even a brief examination of the way in which the 8212 1/O port has been incorporated into our 
microcomputer system will make it obvious that there are plenty of more elaborate ways in which 
the 8212 1/0 port could be used; for example, it can handle multiple interrupts. 


Tying the external interrupt request directly to the 8080 CPU is a primitive method of handling in- 
terrupts, but quite adequate in a microcomputer system where only one external device is likely 
to request an interrupt. 


Before we Jook at some of the more elaborate interrupt request schemes, let us look at the pro- 
gramming considerations associated with the simple scheme we have illustrated in Figure 5-1. 


INTERRUPT SERVICE PROGRAM 
First of all, how are we going to use the interrupt? 


We could assume that the microcomputer system is being used to do more than implement print 
cycle logic. Suppose there is a great deal of routine housekeeping logic required by 
the printer interface, with the result that the entire print cycle can be looked upon 
as an intermittent asynchronous event. Now, instead of having our program ex- 
ecute an ‘‘in between print cycles’ instruction loop, we will assume that some 
other program is being continuously executed in between print cycles. Execution 
of the print cycle program is triggered by the VELOCITY DECODE signal, the in- 
verse of which is tied to INT REQ in Figure 5-1. This is the instruction execution 
pattern which results: 


“In between print cycles” 


VELOCITY 
DECODE = 0 


Print cycle program 


Here is the instruction sequence required to execute the print cycle program 
which follows an interrupt derived from the inverse of velocity decode: 


ORG 8 
:ORIGIN PRINT CYCLE PROGRAM INTERRUPT SERVICE ROUTINE 
‘AT 0008H, SINCE THIS IS THE EXECUTION ADDRESS 
‘WHICH FOLLOWS EXECUTION OF AN RST 1 INSTRUCTION 
CALL START ;CALL PRINT CYCLE PROGRAM AS A SUBROUTINE 
RET ;RETURN FROM INTERRUPT 
ORG NNNN 
‘SELECT ANY VIABLE ORIGIN FOR THE PRINT CYCLE PROGRAM 
SINITIALIZE PRINT CYCLE. OUTPUT O TO BITS 0 AND 1 OF 
‘1/0 PORT 2. OUTPUT 1 TO BIT 3 OF I/O PORT 2 
START MVI A,OCH ‘LOAD MASK INTO ACCUMULATOR 
OUT 2 :OUTPUT TO !/O PORT 2 


:AT END OF PRINT CYCLE. SET BIT 1 OF I/O PORT 2 TO 1 
‘THIS SETS CH RDY HIGH 


MVI A.3 
OUT 3 
RET 


Notice that the ‘in between print cycles” instructions have been removed; START now identifies 
the first instruction of the print cycle itself. 
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The Origin specified. forthe print cycle program is unimportant: We do-not.. | INTERRUPT 
know what other programs are being executed within the microcomputer | PROGRAM 
system; or where these other programs.may reside in program memory; . | ORIGIN 
therefore we cannot assign-memory space to the print cycle program at 
this time. When you actually implement the entire microcomputer system, you must carefully 
map out exactly where in memory.every program resides, but for the purposes of our current il- 
lustration, this.is.a completely unimportant consideration. 


Notice that the final instructions of the print cycle use the bit set control instructions to modify CH 
RDY: but strobed |/O, using the 8255 |/O Port 1 in Mode 1 has not been assumed. 


The final JMP START instruction is replaced by. a simple RETURN instruction, since the entire print 
cycle program was, in effect, called as a subroutine. 


The microcomputer system tracks itself around memory following an interrupt 
using the stack. Let us explain how. 


STACK 
When we last looked:at the stack, it was origined at‘O8FF ;, this was the | TOP 


top of the read/write memory and the stack had not been accessed. We 

will now-assume. that the stack has been accessed by whatever program is executed in between 
print cycles, so that when the print cycle gets executed, the Stack Pointer contains the address 
O8E8,¢..We are simply assuming that there has been some level of stack activity, but’what we 
neither know nor care. 


Following the interrupt acknowledge, this is how the-stack is used: 


1). When the VELOCITY DECODE signal ‘requests an interrupt, this is-the situation: 


STACK 


2). The interrupt is acknowledged. First the Program Counter contents are saved on the stack: 
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4) At memory location 0008 there is a CALL START instruction. This ‘causes the address of the 
next instruction to be saved on the stack: 


O8E3 
O8E4 
O8E5 
O8E6 
O8E7 
O8E8 
O8E9 
OBEA 


sP 
PC 


Remember, the next (RET) instruction is located at Q00B;, because the CALL START instruction 
occupies three bytes, 0008 15, 0009, and O00A,,. 


5) Now the address of the instruction labeled START is loaded into the Program Counter. This is 
the. first instruction of the print cycle routine: 


STACK 
oBes 
08e4 
O8es 
sP O8e6 
PC 08E7 
O8E8 
O8E9 
O8EA 


6),. Assume the final RET instruction in the print cycle routine is.stored in memory location 
NNMM. When this RET instruction is about to be executed, this is the situation: 


7) When this RET instruction executes, the Stack Pointer increments by 2, and the top two stack 
bytes are moved to the Program Counter: 


O8E3 
O8E4 
O8E5 
O8E6 
O8E7 
OBES 
OBES 
O8EA 
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8) Another RET instruction is stored at memory location OOOB; so the same thing happens 
again: 


SP. 
PC 


The address of the interrupted instruction has been restored. Here is.a complete illustration: 


‘In between. print cycles’ program 


VELOCITY: DECODE 


requests ar 


ppagq is the address 
of the interrupted 


interrupt 


instructior 


Interrupt 
ackhowledged 


RETurn. to-ppaqag 


Branch to CALL print cycle 
memory subroutine: It 
locatior begins at NNNN, , 
0008, and ends: at 


NNMM 
16 


RETurn 
to 0008 5, 
Another 
RETurr 
instruction 


is here 


The method we have just described for processing an inter- | SAVING 

rupt has been kept simple to make sure you have no trouble | REGISTERS 
following the program execution paths; but the program will | AND STATUS 
not work. We have shown a background program being inter- 
rupted in order to execute the print cycle routine; but when does the background 
program get interrupted? Remember, the program which is interrupted is Sharing the same 
CPU and the same registers with the print cycle program. We-have to assume that the interrupted 
program:has useful information stored in the registers and perhaps the status flags have meaning 
which must be-preserved.-Given the interrupt Service program illustrated thus far, when we return 
from the print cycle program to the ‘interrupted program, we.are giving the interrupted program 
whatever arbitrary régister contents the print cycle program finishes up with. That will never do. 
We must therefore bracket the print cycle execution program with instructions 
that save the contents of registers and status on the stack —’before modifying a 
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single register or status; at the end of the program, original registers and status 
contents must be restared. This is how the print cycle program now looks: 


ORG 8 
ORIGIN PRINT CYCLE PROGRAM INTERRUPT SERVICE ROUTINE 
‘AT OO08H, SINCE THIS IS THE EXECUTION ADDRESS ° 
‘WHICH FOLLOWS EXECUTION OF AN RST | INSTRUCTION 
CALL START :CALL PRINT-CYCLE PROGRAM AS A SUBROUTINE 
;RETURN FROM INTERRUPT 


“SELECT ANY VIABLE ORIGIN FOR THE PRINT CYCLE PROGRAM 
{INITIALIZE PRINT GYCLE. OUTPUT 0 TO BITS 0 AND | OF 

1/O PORT 2. QUTPUT | TO BIT 3. OF I/O PORT 2 

MVI A.OCH — :-LOAD MASK INTO ACCUMULATOR 


OUT 2 :OUTPUT TO 1/O PORT 2 


‘AT END OF PRINT CYCLE, SET BIT 1 OF I/O PORT 2 TO 1 
“THIS SETS’CH RDY HIGH 
MvVi A3 


RET 


The way in which data gets saved on the stack is straightforward enough: 


STACK 


a 

sP a 
PC 80D 
HL pH | (OBE 
DE | E _|  O80F 
BC ee ae: 
A O8e 
Status a 2 
O8E3 

O8e4 

100 |= (OBES 

ae 

| pp} (08e? 

Ce 

089 

OBE 


So long as you remember to. pop registers and status contents in the reverse order from which 
you pushed them, you will have no problems. 
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JUSTIFYING INTERRUPTS 

Minicomputer programmers and large computer programmers make indiscriminate use of inter- 
rupts simply to share the cost of the Central Processing Unit among a number of different applica- 
tions. 

INTERRUPT 
which may range between $5 and $20. Against this cost you must charge | ECONOMICS 
the cost of external logic neéded to create interrupt request signals and 
restart instructions — as well as the extra cost of programming. The economic tradeoff 
makes it far from obvious that interrupts are viable within microcomputer 
systems. You must examine your application with care before assuming out of hand that inter- 
rupts represent the way to go. A second CPU, or an entire second microcomputer system will fre- 


quently be cheaper than using interrupts to share a single microcomputer system between a 
number of different applications. 


You, as a microcomputer user, are going to have to justify sharing a cost 


Assuming that interrupts look economical for your applica- | INTERRUPT 
tion, timing considerations are also important. TIMING 
CONSIDERATIONS 


Certainly interrupts look very attractive when your application is han- 
dling asynchronous events. In our case, suppose the average 
print cycle lasts approximately 10 milliseconds; also, suppose it is impossible to 
say whether the time interval between print cycles will be 1 millisecond or 100 
milliseconds. Under these circumstances, in order to execute some other program 
in the time in between print cycles. we must use interrupts to initiate the print cy- 
cle — since we have no idea when the next print cycle’ is to begin. 


In reality, the time which elapses between print cycles will be very accurately known. A 
printer will have some advertised character printing rate. |f this rate is 45 characters 
per second, then 22.2 milliseconds will be required per printed character. If 10 of the 22 millise- 
conds are needed to execute the actual print cycle routine, then 12 milliseconds will remain in 
between print cycles. We no longer need interrupts. So long as the program which executes 
in between print cycles is broken into segments, each of which executes in 12 milliseconds or 
less, then each segment can terminate with an instruction loop which tests the status of the 
velocity decode input in order to initiate the next print cycle: 


LOOP IN 2 ‘INPUT I/O PORT 2 CONTENTS 

ANI 20H ISOLATE VELOCITY DECODE SIGNAL 

JNZ LOOP sIF STILL 1, NEW PRINT CYCLE HAS NOT BEGUN 
There is a time penalty associated with every interrupt that | INTERRUPT 
gets processed. SERVICE 


TIME LOSS 


Look at the instructions which must be executed before and after the print 
cycle program itself: there are 4 Push instructions, 4 Pop instructions, a 
Call instruction and a Return instruction. Add up the number of cycles required and you will find 
that 111 cycles are needed to execute all of these instructions — and that means 55.5 microse- 
conds per interrupt. 


That is approximately 5% of the total time required to execute the entire print cycle program. 
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Project this “‘overhead”’ time into a more complex system, where perhaps 10 different external 
logic sources may generate an interrupt request. Such a complex interrupt scheme may sound 
reasonable to a minicomputer programmer, ‘but within the microcomputer system it is possible 
for 555 microseconds to be consumed by unproductive “overhead” time. 50% of the time your 
microcomputer system may be doing nothing more than saving and restoring registers and 
Status. Clearly, you must approach interrupts. with. an. element of caution. 


MULTIPLE INTERRUPTS 


' Suppose your application is one in which all the warnings against use of multiple 


interrupts do not apply. You may, for example, have.an application in which a number of 
asynchronous events occur with. sufficient infrequency, that they do not seriously impact on 
available execution time. There are innumerable ways in which multiple interrupts can 
be implemented in an 8080-type microcomputer system and it is certainly beyond the 
scape of this book to explore them all, There are, however, two basic concepts to all multiple in- 
terrupt schemes: 


1) Instead of tying external interrupt requests directly to.the interrupt request pin of the CPU, the 
8255 PPI or the 8212 |/O port is used to buffer'and transmit interrupt requests. 


2) Providing eight or fewer external interrupts.are being processed, the Restart instructions ade- 
quately discriminate between interrupts. An 8212.1/O port can be used with a one-of-eight 
decoder to. generate the appropriate Restart. instruction as follows: 


If you have eight external interrupts, remember that one of them is going to use the RST O Restart 
instruction — and this will coincide with the Reset condition, since both cause program execution 
to.branch to memory location 0. 


lf you have seven or fewer different external interrupts, processing them is relatively straightfor- 
ward. 


{f you have nine or more external interrupts.and you_are trying to process them using one CPU, in 
all probability there is something wrong with the way in which you are designing your microcom- 
puter system. It is possible that someone will think up-an.application where such a complex inter- 
rupt scheme is economically implemented via a microcomputer system with one CPU. If yours is 
such a system, we would like to hear about it. 
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Figure 5-2. Generation Of The Restart Instruction Code Following An Interrupt, For An 8080 
Microcomputer ‘System 


Chapter 6 
THE 8080/9080 INSTRUCTION SET 


Instructions falsely frighten microcomputer users who are new to programming. 
Taken as an isolated event, operations associated with the execution of a single 
instruction are easy enough to follow — and that is the purpose of this chapter. 


Why are the instructions of a microcomputer referred to as an instruction ‘‘set’’? Because the in- 
structions selected by the designers of any microcomputer are selected with great care; it Must 
be easy to execute complex operations as a sequence of simple events — each of which is 
represented by one instruction from a well designed instruction ‘’set’’. 


Remaining consistent with ‘‘An Introduction To Microcomputers, Volume II’’, Ta- 
ble 6-1 summarizes the 8080/9080 microcomputer instruction set, with similar in- 
structions grouped together. 


Individual instructions are described next in alphabetic order of instruction 
mnemonic. 


In addition to simply stating what each instruction does, the purpose of the instruction within nor- 
mal programming logic is identified. 


ABBREVIATIONS 
These are the abbreviations used in this chapter: 


A The Accumulator 
B The B register 

These are sometimes referred to as a register pair 
C The C register } aoe 9 p 
D The D register 
E The E register 
H 


The H register 


} These are sometimes referred to as a register pair 


i This register pair provides the implied memory address 


Lt The L register 

CS Carry status 

Ac Auxiliary carry status 

ZS Zero status 

Ss Sign status 

PS Parity status 

| The Instruction register 

12 Second object code byte 

13 Third object code byte 

PG The Program Counter 

SP The Stack Pointer 

PSW The Program Status Word, which has bits assigned to status flags as shown on the 
next page. 

H Appearing at the end of a group of digits (e.g.. 213AH) specifies hexadecimal digits. 

DATA 8-bit immediate data 

DEV An |/O device 

DATA16 16-bit immediate data 

REG Register A, B,C, D, E. Horl 

M Memory, address implied by HL 

LABEL A 16-bit address, specifying an instruction label 

RP A register pair: B for BC, D for DE, H for HL, SP for Stack Pointer 
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PORT An \/O.port; identified by ‘a. number between. 0-and.FF4.. 
ADDR A 16-bit address, specifying a data. memory byte. 


if] Contents of Jocation identified within brackets 

{] Memorty byte addressed by-location identified within brackets 
rr Move data in direction of arrow 

+ xchange contents of locations on either side of arrow 

+ Add 

- Subtract 

A AND 

Vv OR 
y XOR 

“STATUS 


The five status flags are stored in a Program Status Word (PSW) as follows: 
7B 5 4.3532 1:0 


These bits have fixed values 

Carry stauts (carry out of-bit 7) 

Parity status (1-for even, 0 for odd) 
Auxiliary Carry status (carry out of bit 3) 


Zero status (1 for zero, © for nonzero) 


Sign status (value of bit 7) 


PSW and A are sometimes treated as.a register pair. 


The effect of instruction execution on status is illustrated as follows: 
Ac PSCZ 


Moditied to reflect results-of execution 


Unconditionally reset to 0 


Unchanged 


STATUS 
Within instruction execution illustrations, an X identifies a status that is |} CHANGES 
set or’ reset: A O identifies a status that is always cleared. A blank | WITH 
means the status does not change. INSTRUCTION 


INSTRUCTION OBJECT CODES EXECUTION 


Instruction object codes are represented as 2 hexadecimal 
digits for instructions without variations. 


Instruction object codes are represented as 8 binary digits for instructions with 
variations; the binary digit representation of variations is then identifiable. 


INSTRUCTION EXECUTION TIMES AND CODES 


Table 6-2 lists instructions in alphabetic order, showing object codes and execu- 
tion times, expressed as machine cycles. 


Where two instruction cycles are shown, the first is for ‘‘condition not met’ 
whereas the second is for “condition met’’. 
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Table 6-1. A Summary Of 8080/9080 Microcomputer Instruction Set 


| STATUSES | 
TYPE OPERAND(S) BYTES|c ac zs P. 


g 


8 
3 
ze 

5 

2 


OPERATION PERFORMED 


eae eet — [DEV] 
Input to A from device DEV (DEV = 0 to 255). 
[DEV] — [A] 
Output from A to device DEV (DEV = 0 to 255). 


[A] — [[RP]] 


Load A using address implied by BC (RP. = B) or DE (RP = D). 


([RP]] — [A] 

Store A using implied addressing as for LDAX. 
(RJ — (fH) 

Load any register using address implied by HL. 
(CH.L1)} — CR) 

Store any register using address implied by HL. 
CA] — [ADDR], ie.. [A] — [013.121 

Load A, use direct addressing. 

[ADDR] — [A]. ie.. [013.121] — [A] 

Store A, use direct addressing. 


[L]—L[ADDRI], [H] — [ADDR+ 1] ie., 


CH) ~ [013.12] + 1] 
Load H and L registers, use direct addressing. 


[ADDR] —[L]. [ADDR + 1] —[H] ie., 


(£13.12) + 1] —(H) 
Store H and L registers, use direct addressing. 


[lL] — (£13,121). 


((13.12]]) — Cv], 
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Table 6-1. A Summary of 8080/9080 Microcomputer Instruction Set 
(Continued) 


| STATUSES | 
OPERAND(S) BYTES}C AC ZS P. OPERATION PERFORMED 


cet — TA] + [HL] 

Add to A 

[TA] — [A] + [fHL]] + [cs] 
Add with Carry to A 

[TA] —T[A]- (IHL 
Subtract from A 

[A] — fa] - [(H.t]]- £cs] 
Subtract from A with borrow 
[A] — fA] A THL]] 

AND: with A 

[A] — [A] [[H.L]] 
Exclusive-OR with A 

[A] — fA] V [fH.L]] 

OR with A 

Compare with A 

(CHAI) — (HL + 1 
Increment memory 
[THU] — (CHI) -1 


Decrement memory 


RP.DATA16 [RP] —DATAI6 
Load .16-bit.immediate data into BC (RP. = 8), DE ARP = D), 
HL (RP = H) or SP (RP = SP) 

M,DATA [LH.L]] —DATA 
Load 8-bit immediate data into Memory location with address 
implied by HL. 

R,DATA [R] DATA 
Load. 8-bit immediate data into any register 


(Memory Operate) 


ve 
® 
c 
£ 
® 
2 
> 
4 
s 
uv 
Cc 
° 
° 
® 
77) 


Immediate 
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c 
3z 
i) 
cf 
Bo 

no] 
@¢ 
ie 
og 
o © 
£3 
Se 
2 
25 
s 
Ww 


Table 6-1. A Surhmary Of 8080/9080 Microcomputer instruction Set 
(Continued) 


| STATUSES | 
TYPE GOPERAND(S) BYTes}c ac zs P| 


ADDR 
PCHL 


OPERATION PERFORMED 


ese er PC] — ADDR 

Jump to instruction with label ADDR 
{PC]—(HL] 

Jump to instruction at location implied by HL 


Jump to subroutine starting at ADDR 


Jump to subroutine if C = 1 


Jump to subroutine if C =O 


[{sP]] — (Pc), [Pc] —aAopr, [SP] — [SP] - 


Jump to subroutine if Z = 1 


{[sP]] — [Pc], [Pc] — Appr, [SP] — [SP] - 


Jump to subroutine if Z =0 
{{sP]] — [Pc], [Pc] —Apor, [sP] — [sp] 
Jump to subroutine if S =O 


([sP}]J] — (Pcl, [Pc] —Aobr, [SP] — [SP] - 


Jump to subroutine if S = 1 


{{sP]] — (Pc), [Pc] —AoDorR. [sP] — [SP] - 


Jump to subroutine if even parity 
[[sP]] — [Pc], [Pc] —Aoopr, [sP] — [SP] 
Jump to subroutine if odd parity 
Cec]—I{fsp]][SP]—Fsp]+ 2 

Return from subroutine 


{{sP]] — [Pc], [Pc] — Appr, [sP] — [SP] - 
([sP]}] — [Pc], [Pc] — Abbr, [SP] — [SP] - 


([sP]] — [Pc], [Pc] —Apbobr, [SP] — [SP] - 


2 


2 


2 


958 


(Immediate and Stack) 


c 
£ 
3 
2 
® 
c 
a] 
c 
o 
3 
oO 
o 
Cc 
= 
= 
5 
- 
3 
s 
7) 


Immediate Operate 


Table 6-1. A Summary Of 8080/9080 Microcomputer Instruction Set 
(Continued) 


| STATUSES | 
OPERAND(S) Bytes] C Ac zs P| 


OPERATION PERFORMED 


a Geer {sP] —[sP] + 2 
Return from subroutine if C = 1 
[ec] —{tspl], (se) ~—(€SP) + 2 
Return from subroutine if C =0 
[pc] —{f{sPll, (sP]—T[spP] + 2 
Return from subroutine if Z = 1 
{Pc} — [{sp]), (sP)— [sp] + 2 
Return from subroutine if Z = 0 
{pc) — {£sP]], [sp] — [sp] + 2 
Return from subroutine if S = 1 
[Pc] — ({sP}]. [sP] —{sP] + 2 
Return from subroutine if S =0 
[Pc] — [spl], [SP] —{sP] + 2 
Return from. subroutine: if even parity 
(pc) — [[sP]]. {sP] — [sp] + 2 
Return from. subroutine if odd parity 


[A] — [A] + DATA 

Add immediate to A 

{A] — [A] + DATA +. [CS] 

Add with carry immediate to A 

[A] —[A]-DATA 

Subtract immediate from A 

[AJ — [A] - DATA - [Cs] 

Subtract immediate with borrow from A 
[A] — [A] ADATA 

AND immediate with A 


cS 


Table 6-1. A Summary Of 8080/9080 Microcomputer Instruction Set 
(Continued) 


| STATUSES | 
TYPE OPERAND(S)| BYTES| C AC ZS P OPERATION PERFORMED 


[A] — [A]¥DATA 
Exclusive-OR immediate with A 
[A] — [A] Vv DATA 
OR immediate. with A 
Compare immediate with A 


Immediate 


[PC] — ADDR 
Jump if C = 1 
[Pc] —ADDR 
Jump if C =0 
[Pc] — ADDR 
Jump if Z = 1 
[Pc] —ADDR 
Jump if Z =0 
[PC] — ADDR 
Jump if S =0 
[PC] ADDR 
Jump if S =1 
[PC] — ADDR 
Jump on even parity 
[Pc] — ADDR 
Jump on odd parity 


c 
2 
= 
3 
< 
i) 
oO 
< 
° 
2 
E 
3 
= 
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Table 6-1. A Summary Of 8080/9080 Microcomputer Instruction Set 
Se a ae 


| STATUSES _| 
TYPE OPERAND(S) Bytes} CAC ZS P OPERATION PERFORMED 


Gas Le] 

Move any register (S) to any register (D) 
ED}.+—+ fH], £EL = (u) 
Exchange DE with HL 

CH.L] —— ESP] 

Exchange SP with HL 


[A] — [A] + {R] 
Add any register to A 
[A] — [A] + E-R]-+ cs] 
Add with Carry-any register to A 
CA] — [A}- [R] 
Subtract any register from A 
[A] — [A]- [R]={cs] 
Subtract any register with borrow from A 
CA] — [A] A ER) 
AND any register with A 
[A] — [A] [rl 
Exclusive-OR any register with A 
[A] — EA] v [rR] 
OR any. register with A 
Compare any register with A 


[R] —[R] + 
Increment. any register 
(R]—[RI]-1 


Decrement any register 
[AJ —{A] Complement A 


- 
© 
4 
2 
aD 
of 
co 
a) 
oo 
2° 
SD 
® 
c 


Register 
Operate 
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Table 6-1 


eigaee OPERAND(s)| BYTES 
DAA 1 


® 
+ 
id 
i 
® 
a 
°o 
- 
@ 
- 
2 
a 
o 
c 


A Summary Of 8080/9080 Microcomputer Instruction Set 
(Continued) 


| STATUSES | 


c AC ZS P 


OPERATION PERFORMED 


Decimal adjust A 


oC Rotate A left with branch carry 


Cc 


CSTE orate A right with branch carry 


Cc 


Cs 


6} ECCT rate A right with carry 


C 
[HL] —T[H.L] + CRP] 
Add to HL 
[RP] —{RP] + 1 
Increment RP. RP = BC, DE, HL or SP. 
[RP] — [RP] -1 
Decrement RP 


[{sP]] — CRP}, (SP) —[sP]-2 

Push RP contents onto stack 

bapa — [sell Ise) —Tee] + 2 ¢ BF 8G. DE, BL or FSW 
Pop stack into RP 

CHL) —— [fspl] 

Exchange HL with top of stack 
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Table 6-1. A Summary Of 8080/9080 Microcomputer Instruction Set 
(Continued) 


STATUSES 
OPERAND(S) | BYTES 


: | 


DI 


~ 
a 
| 
i 
S 
- 
c 
= 


Statuses: C = Carry 
Ac = Carry out of bit 3 


Z =Zero 
S$ =Sign 
P = Parity 


X = Status set or reset 
0 =Status reset 
Blank = Status unchanged 


Enable interrupts 
Disable interrupts 
Restart 

{csi-1 

Set. Carry 

[cs] — [cs] 
Complement Carry 


No operation 


Halt 


OPERATION PERFORMED 


Table 6-2. A Summary Of Instruction Object Codes 


INSTRUCTION OBJECT CODE 


10001 XXX 
8E 
10000XXX 
86 
C6 YY 
10100XXX 
AG 
£6 YY 
CD ppqq 
OC ppaq 
FC ppaq 
2F 
3F 
1011 1XXX 
BE 
D4 ppqq 
C4 ppaq 
F4  ppaq 
EC ppaq 
FE YY 
E4 ppaq 
CC ppaa 
27 
00XX 1001 
OOXXX 101 
35 
OOXX1011 
F3 


OB YY 
00XxxX100 
34 
00XxX0011 
DA ppaqq 
FA ppaq 
C3) =ppaqq 
02 ppaq 
C2 ppaq 
F2 ppaq 
EA ppaq 
—2 ppaq 
CA ppaqq 
3A ppaaq 
000X 1010 
2A ppaq 


represents four hexadecimal digit memory address 


And Execution Cycles 


LX! RP.DATA16 


MOV REG.REG 
MOV M.REG 
MOV REG.M 
Mv REG.DATA 


vi MDATA 
NOP 
ORA 
ORA 
oR! 
Our 
PCHL 
POP 
PUSH 

H RAL 
RAR 

ie 
RET 
RLC 
RM 
RNC 
RNZ 
RP 
RPE 
RPO 
RRC 
RST 
RZ 
SBB 
SBB 
SBI 
SHLD 
SPHL 
STA 
STAX 
STC 

H Sua 
SUB 
su 
XCHG 
XRA 
XRA 
xR 
XTHL 


NN SBNN PN EN 


2 
1 
1 
1 
1 
2 
1 
1 
2 
3 
3 
3 
1 
1 
) 
1 
3 
3 
3 
3 
2 
3 
3 
1 
1 
1 
1 


W- BWWHWWwWWWwWe Hane = KH = 


esents two hexadecimal data digits 


represents four hexadecimal data digits 


represents an optional binary digit 


00xXx0001 
¥YYY 
O1dddsss 
01110sss 
Olddd110 
O0ddd110 


w 
36 YY 
00 
101 10XXX 
86 
Fe YY 
D3. OYY 
E9 
11XX0001 
11XX0101 
17 
1F 
08 
cg 
07 
F8 
18,0) 
co 
FO 
&8 
EO 
OF 
11XXX111 
c8 
10011XXX 
9E 
DE YY 
22 ppaq 
FQ 
32 ppaa 
000X0010 
37 
100 10XXX 
96 
06 YY 
€B 
10101XXX 
AE 
FE YY 
E3 


represents optional binary digits identifying a destination register 


represents optional binary digits identifying a source register 
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aon 


Big) ale a os ee Ly oe Se ek i ee Se ws, ee cee Tes OS 


sds RD) weary aa RE mS er Ee INS 


CLES INSTRUCTION OBJECT CODE 


NNSB PWN PEN 


c-) 


ACI — ADD WITH CARRY IMMEDIATE TO ACCUMULATOR 


DATA 
MEMORY 


CE vy 


To the Accumulator, add the contents of the next program memory byte, and the Carry status 
Suppose xx = 3Aj6, yy = 7Cy¢, C =0. After the instruction: 
ACI 7CH 
has executed, the Accumulator will contain B6: 
3A = 00111010 


7C 01111100 Five 1 bits, set P to 0. 
somalsmapsoctietlastasiina Ni I ; 
103 ig o lonzero result, set-Z-to 0 
No ania 
sets C to 0 ia 
Carry sets Ac to 1 


1 sets S to 1 


i 


This is a routine data manipulation instruction 


ADC — ADD REGISTER OR MEMORY WITH CARRY, TO 
ACCUMULATOR 


This instruction takes two forms. First consider a register's contents added to the Accumulator: 


AcPSCZ DATA 
PW EERE aerated 
A 
EL Pa ppc 
ee i 
| rT oeaaeT Poreew 
ee 
PC 
| 1000 1XXX PROGRAM 
MEMORY 
ees 
| 10001XXxX: | mmmm 
oe 
ADC REG 


10001XXX 
—— 


000 tor REG =8 
001 for REG =C 
010 for REG =D 
011 for REG =E 


100 for REG =H 
101 for REG =L 
111 for REG =A 


To the Accumulator, add the contents of register A, B, C. D, E, H or L, and add the Carry status. 
Suppose xx = E3,¢, register E contains AOy,. C = 1. After instruction: 


ADC E 
has executed; the Accumulator will contain 84,46: 


E3 = 11100011 
AO = 10100000 Two 1 bits, set P to 1 
ae. aan ae 
10090100 Nonzero result, set Z.to 0 
There is a Carry. * 
Set C to 1 No carry, so Ac’is reset to 0 
1 sets S to 1 


The contents of'a memory byte may also be added, with Carry, to the Accumulator: 


mmmm 
tmmmm.+ 4 


ADC M 


10004110 
If xx = E346. yy. = AOy, and C =.1, then execution: of the instruction: 
ADC M 
generates the same result as execution of the ADC E instruction, which was just described. 
The ADC instruction is most frequently used in multibyte addition, for the second and subsequent 
bytes. 
ADD — ADD REGISTER OR MEMORY TO ACCUMULATOR 


This. instruction takes two forms. First consider a register's contents added to the Accumulator: 


DATA 
MEMORY 


Contents of 
YABCODE 


Hor L is yy 


\OOOOXXX mmmm 
oe ee 
se SS oes 


10000XXxX 
000 for REG =B 
00 1 for REG =C 
01.0 tor REG =D 
0 1.1 for REG =E 
100 for, REG. =H 
101 for REG’ =L 
1141 for REG =A 


To: the Accumulator, add the contents of register A,B, C, D, E, H or L. 


Suppose xx =E3,.. register E contains AOy,¢. C = 1. After instruction: 


ADD E 
has executed, the Accumulator will contain 83,¢: 
E3 = 11100011 
AO = 10100000 Three 1 bits, set P to 0 
100 V 011 a eee Nonsar result, set Z to 0 

There is a Carry. 
Set C to 1 
1 sets S to 1 


No Carry, so Ag is reset to 0 


The contents of a memory byte may also be added to the Accumulator: 


AcPSCZ DATA 
sw MEMORY 
A +} 
ee. ppaa 
3 Cee coe st 
3s ere) 
HL 
: i aaa a 
Po mmmm | 
PROGRAM 
MEMORY 
hs oo 
a5] mmm 
a 
fi ee 9 
ADD 
TOOOOTTO 


lf xx = E346. yy = A0,, and C = 1, then execution of the instruction: 
ADD M 
generates the same result as execution of the ADD E instruction, which was just described. 


ADD is the binary addition instruction used in normal, single-byte operations; it is also the instruc 
tion used to add the low order bytes of two multibyte numbers. 


ADI — ADD IMMEDIATE TO ACCUMULATOR 


AcPSCZ DATA 
PSW MEMORY 
A 
B.C 
DE 
HL 
SP 
PC 
I PROGRAM 
MEMORY 
rire 
mmmm + 1 
ne fenared 
Pst dota 
ADI DATA 
~~ 
cé vy 


To the Accumulator, add the contents of the next program memory byte. 
Suppose xx = 3A4¢. yy = 7Ci¢, C =0. After the instruction 
ADI 7CH 


has executed, the Accumulator will contain B6: 


3A 00111010 
SOK TESS Five 1 bits, set P to 0 
es hy) eg shyt result, set Z to 0 


No 29 \ 
sets C to 0 


Carry sets Ac to 1 


1-sets S to 1 


This is a routine data manipulation instruction 


ANA — AND REGISTER OR MEMORY WITH ACCUMULATOR 


This instruction takes two forms. First consider a register’s contents ANDed with the Accumula- 
tor: 


Ac P SCZ 


DATA 
Psw KIX x pok MEMORY 
A 
| Se DE ee 
og ERNE RN | ae arose ity, 
je ite 
| Ses 
Pc 
| PROGRAM 
MEMORY 
ees 


10100XXX mmmm 


mmmm + 1 
ANA RE 
10100xxx 
_— 


000 for REG =B 
00 1 for REG =C 
010 for REG =D 
011 for REG =€ 
1.00:tor REG =H 
10-4. for-REG =t 
11 4-for REG =A 


AND the Accumulator with the contents of register A, B; C.D, E, Hor: Save the result in the Ao- 
cumulator. 


Suppose xx = E3,¢, register E contains AO,¢. After instruction: 
ANA E 


has executed, the Accumulator will contain AO,¢: 


E3 
AO 


11100011 
10100000 


kD. Two. 1 bits, set P to.1 
10100000 -seemmee— 


Nonzero result, set Z to 0 


Carry is always 
set to 0 


1 sets S to 1 


The contents of a memory byte may also be ANDed to the Accumulator: 


DATA 
MEMORY 


PROGRAM 
MEMORY 


mmmm +1 


mene 


10100110 


If xx = E346. vv = AOy, and C.= 1, then execution of the instruction: 
ANA M 
generates the same result as execution. of the ANA’E instruction, which was just described. 


ANA is.a frequently used logical instruction. 


ANI — AND IMMEDIATE WITH ACCUMULATOR 


DATA 
PSW MEMORY 


romp 
BRE mos 


ANI DATA 
— —— 


&6 yy 


To the Accumulator, AND the contents of the next program memory byte. 
Suppose xx = 3A46, yy = 7Cy,. After the instruction: 
ANI 7CH 
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has executed, the Accumulator will contain 384g. 


3A = 00111010 
7 = 01111100 


pn Three 1 bits, set P to 0 
OTT 1000 <—em ee i mh to 


Nonzero result, set Z to 0 
Carry is _—, 


set to 0 Ac is always set to 0 
0 sets S to 0 


This is a routine logical instruction; it is often used to turn bits “off”. For example, the instruction: 
ANI 7FH 


will unconditionally set the high order Accumulator bit to 0. 


CALL — CALL THE SUBROUTINE IDENTIFIED IN THE OPERAND 


AcPSCZ DATA 


PSwW CLLOLD MEMORY 


Xxxx - 2 
XXXx =] 


XXXX 


mmmm 
mmmm +1 


mmm + 2 


CALL LABL 
—_—_— — 


cD ppaq 


Store the address of the instruction following the CALL-on the top of the stack; the top of the 
stack is.a data memory byte addressed by the Stack Pointer. Then subtract 2 from the Stack 
Pointer in order to address the new top of stack. Move the 16-bit address contained in the sec- 
ond and third CALL instruction object program bytes to the Program Counter. 


Consider the instruction sequence: 


CALL SUBR 
ANI 7CH 


SUBR 


After the CALL instruction has executed, the address of the ANI instruction is saved at the top of 
the stack. The Stack Pointer is decremented by 2. The instruction labeled SUBR will be executed 
next. 


CC — CALL THE SUBROUTINE IDENTIFIED IN THE OPERAND, 
BUT ONLY IF THE CARRY STATUS EQUALS 1 


CC 
— 
DC 


This instruction is identical to the. CALL instruction, except that the-identified subroutine will be 
called only if the-Carry status equals 1; otherwise; the instruction sequentially following the CC.in- 
struction will be executed. 


Consider the instruction sequence: 


After the CC instruction has executed, if the Carry status does not equal: 1, the ANI instruction will 
be executed. If the Carry status does equal 1, the address of the ANI instruction is saved at the 
top of the stack. The Stack Pointer is decremented by 2. The instruction labeled SUBR will be ex- 
ecuted next. 


CM — CALL THE SUBROUTINE IDENTIFIED IN THE OPERAND, 
BUT ONLY IF THE SIGN STATUS EQUALS 1 


CM 
——_ 
FC 


This instruction is identical to the CALL instruction, except that the identified subroutine will be 
called only if the Sign status equals 1; otherwise, the instruction sequentially following the CM in- 
struction will be executed. 


Consider the instruction sequence: 


After the CM instruction has executed, if the Sign status does not equal 1, the ANI instruction will 
be executed. If the Sign status does equal.1, the address of the ANI instruction is saved at the top 
of the stack. The Stack Pointer is decremented by 2. The instruction labeled SUBR will be ex- 
ecuted-next. 
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CMA — COMPLEMENT THE ACCUMULATOR 


DATA 
MEMORY 


mmmm 
mmmm + 1 


CMA 
—~ 
2F 


Complement the contents of the Accumulator. No other register’s contents, or status is effected. 
Suppose the Accumulator contains 3A,,. After the instruction: 

CMA 
is executed, the Accumulator will contain C5,¢: 


3A,, = 00111010 
Complement = 11000101 


This is a routine logical instruction. Do not use it for binary subtraction. There are special 
subtract instructions (SUB and SBB). 


CMC — COMPLEMENT THE CARRY STATUS 


DATA 
MEMORY 


PROGRAM 
MEMORY 


mmmm + 4 


mmmm 


Complement the Carry status. No other status, or registers contents are effected. 
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Suppose the Carry status contains 1. After the instruction: 
CMC 
is executed, the Carry status will contain 0. 


This instruction is used to force the Carry status to 0, via the instruction sequence: 


STC ‘SET CARRY STATUS TO 1 
CMC ;COMPLEMENT CARRY STATUS 
Note you can set the Carry status to 0 via the instruction: 
ANA A 


which automatically zeros the Carry status, but does not modify any register’s contents, since the 
Accumulator is ANDed with itself. The: 


ORA A 


instruction serves the Same purpose 


CMP — COMPARE REGISTER OR MEMORY WITH 
ACCUMULATOR 


This instruction takes two. forms. First consider: a registers contents compared with the Ac- 
cumulator: 


DATA 
MEMORY 


Contents of 
A,B,C, De E 
Hor Leis yy 


10111XXX 


~_ 
TOVTITXKX 
os 


000 for REG =B 
001 for REG =C 
010 for REG =D 
01:1 for REG =E 
100 for REG =H 
1.0 1 for REG =L 
11 1-for REG =A 
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Subtract the-contents of register A, B, C,D, H or L from the contents of the Accumulator, treating 
both numbers as simple binary data. Discard: the result, i.e., leave the Accumulator alone, but 
modify status flags to reflect the result of the subtraction. 


Suppose xx = E3,.. register E contains AQj,. After instruction: 
CMP E 
has executed, the Accumulator will still contain E346, but statuses will be modified as follows: 


E3 = 11100011 
Twos comp of AO = 01100000 


Tt 1 
01000017 ree 1 bits, set P to O 
Nor cate result, set Z to 0 
Carry sets 


Cto0 No Carry so 
0 sets S to 0 Ac is reset to 0 


Notice that the resulting Carry is complemented. 
The contents of a memory byte may also be compared with the Accumulator: 


=, 
AcPSCZ 


DATA 
MEMORY 


fy ppaq 
Oe 
7S oe 
oS a 
2) 2 ae 
Pc 
' 
mmmm 
mmmm + 1 


101177110 


If xx = E3,_ and yy = A0Oj.. then execution of the instruction: 
CMP M 
generates the same result as execution of the CMP_E instruction, which was just described. 


Compare instructions frequently precede conditional Call, Return and Jump instructions. The 
Compare Immediate (CPI) instruction is more useful than the CMP instruction 
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CNC — CALL THE SUBROUTINE IDENTIFIED BY THE OPERAND, 
BUT ONLY IF THE CARRY STATUS EQUALS 0 


CNC 
~— 
D4 


This instruction is identical. to the CALL instruction, except that the identified subroutine will be 
called only if the Carry status equals 0: otherwise, the instruction sequentially following the CNC 
instruction: will- be. executed. 


Consider the instruction sequence: 


After the CNC instruction--has executed, if the Carry status does not equal 0; the AN instruction 
will -be-executed. If the Carry status does equal.0, the address .of the ANI instruction is saved at 
the top of the stack. The Stack Pointer is decremented by. 2. The instruction labeled SUBR will be 
executed next. 


CNZ — CALL THE SUBROUTINE IDENTIFIED IN THE OPERAND, 
BUT ONLY IF THE ZERO STATUS EQUALS 0 


CNZ 


—_— 


C4 


This-instruction is identical to, the CALL instruction, except that the identified subroutine will be 
called only. if the Zero status equals.0; otherwise, the instruction sequentially following the CNZ 
instruction will be executed. 


Consider the instruction sequence: 


After the CNZ instruction has éxecuted, if the Zero status does not equal 0, the ANI instruction 
will be executed. If the Zero status does equal 0, the address of the ANI instruction.is saved at the 
top of the stack. The Stack Pointer is decremented by 2: The instruction labeled SUBR will be ex- 
ecuted next. 


CP —CALL THE SUBROUTINE IDENTIFIED IN THE OPERAND, 
BUT ONLY IF THE SIGN STATUS EQUALS 0 


CP 
—_— 


FA 


This instruction is identical to the CALL instruction, except that the identified subroutine. will be 
called only if the Sign status equals 0; otherwise, the instruction sequentially following the CP in- 
struction will be executed. 


Consider the instruction sequence: 


After the CP instruction has executed, if the Sign status does not equal 0, the ANI instruction will 
be executed. If the Sign status does equal 0, the address of the ANI instruction is saved at the top 
of the stack. The Stack Pointer is decremented by 2. The instruction labeled SUBR will be ex- 
ecuted next. 


CPE — CALL THE SUBROUTINE IDENTIFIED IN THE OPERAND, 
BUT ONLY IF THE PARITY STATUS EQUALS 1 


CPE 
— 
EC 


This instruction is identical to the CALL instruction, except that the identified subroutine will be 
called only if the Parity status equals. 1; otherwise, the instruction sequentially following the CPE 
instruction will be executed. 


Consider the instruction sequence: 


After the CPE instruction has executed, if the Parity status does not equal 1, the ANI instruction 
will be executed. If the Parity status does equal 1, the address of the ANI instruction is saved at 


the top of the stack. The Stack Pointer is decremented by 2. The instruction labeled SUBR will be 
executed next. 
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CP! — COMPARE ACCUMULATOR CONTENTS WITH 
IMMEDIATE DATA 


ee 
AcPSC2 


ew EPPE 


CPI DATA 
FE yy 


Subtract the contents of the second object code byte from:the contents-of the. Accumulator, 
treating both numbers as simple, binary data. Discard the result. i-e., leave the Accumulator alone, 
Dut modify the status flags to reflect the result of the subtraction. 


Suppose xx = E3,, and the second byte of the-CPI instruction object code contains AO,¢. After 
instruction: 


CPI AQH 


has executed, the Accumulator will still contain E3,., but statuses will be modified as follows: 


E3 11100011 


Twos comp. of AO 01100000 Three 1 bits, set-P to 0 
a 100001 CUTER ee result, set Z to 0 


Carry sets 
C100 ‘ 
O sets S to 0 No carry, so 


Ac is reset to 0 


Notice that the resulting Carry is complemented. 


This.\s the instruction most frequently used to set statuses prior to execution of a conditional Call, 
Return. or Jump instruction. 


CPO. — CALL THE SUBROUTINE IDENTIFIED IN THE OPERAND, 
BUT ONLY IF THE PARITY STATUS EQUALS 0 


CPO 
—_— 
E4 
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a 


This ‘instruction is identical to the CALL instruction,’ except that the identified subroutine will be 
called only if the Parity status equals 0; otherwise. the instruction sequentially following the CPO 
instruction will be executed 


Consider the instruction sequence: 


After the CPO instruction has executed, if the Parity status does not equal 0, the ANI instruction 
will be executed. If the Parity status does equal 0, the address of the ANI instruction is saved at 


the top of the stack. The Stack Pointer is decremented by 2. The instruction labeled SUBR will be 
executed next. 


CZ— CALL THE SUBROUTINE IDENTIFIED IN THE OPERAND, 
BUT ONLY IF THE ZERO STATUS EQUALS 1 


CZ 


—“—— 


cc 


This instruction is identical to the CALL instruction, except that the identified subroutine will be 
called only if the Zero status equals. 1; otherwise, the instruction sequentially following the CZ in- 
struction will be executed. 


Consider the instruction sequence: 


After the CZ instruction has executed, if the Zero status does not equal 1, the AN! instruction will 
be executed. If the Zero status does equal 1, the address of the ANI instruction is saved at the top 
of the stack. The Stack Pointer is decremented by 2. The instruction labeled SUBR will be ex- 
ecuted next. 


DAA — DECIMAL ADJUST ACCUMULATOR 


AcPSCZ DATA 
psw fxIxIxPx MEMORY 
A 
pig RARER PCE aE 
DEE eas ere eto 
he SORES ROOD 
sP 
PC 
! PROGRAM 
MEMORY 
EE 
mrnmmny, 
Se Ba 
Bri 
DAA 
~— 
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Convert the contents of the Accumulator to its binary coded decimal form. This instruction should 
be used only after adding two BCD numbers, i.e., look upon ADD DAA or ADC DAA or SUB DAA 
or SBB DAA as compound, decimal arithmetic instructions which operate on BCD source to 
generate BCD answers. 


Suppose the Accumulator contains 39,¢ and the B register contains 47,.. After the instructions: 


ADD 8 
DAA 


have executed, the Accumulator will contain 864., not 80,.. 


The DAA instruction modifies all status flags, but only the Carry status is significant. Consider 
other statuses to have been destroyed. 
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DAD — ADD A REGISTER PAIR TO H AND L 
AcP SCZ 


PSW LDP BC. DE. HL or SP 
contain yyyy 


DATA 
MEMORY 


00XX 1001 


DAD RP. 
—_~ —— 


ae 
ad 


0.0 for RP =B, representing B,C 
0 1 for RP =D, representing DE 
1 0 for RP =H, representing H.L 
11 for RP = SP. representing the Stack Pointer 


To the HL register pair add the 16-bit value from the BC, DE or HL register pair, or the Stack 
Pointer. 


Suppose H,L contains 034A, and B.C contains 214€,,.. After the instruction: 
DAD B 
has executed, the HL register pair. will contain 2496 j¢: 


034A. = 0000001101001010 
214C = 0010000101001100 


0010010010010110 


There is no Carry oe 


: No other statuses are affected 
so C is reset to 0 


The DAD instruction is one of the most useful in the 8080 instruction set for traditional program- 
ming applications. This instruction provides the equivalent of indexed addressing, and the DAD H 
instruction is equivalent to a 16-bit left shift. 
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DCR — DECREMENT REGISTER OR MEMORY CONTENTS 


DATA 
MEMORY 
Contents of A 
POPs Cpe a 
is yy 
1 00Xxx101 PROGRAM 
MEMORY 
OOXXX 101 mmmm 
Py mm 
OCR REG 
—_~ —_— 
‘ a 
OOXXXK 101 
“~— 
0.00 for REG =B 
0.01 for REG =C 
0° 10-for REG =D 
0°11 for REG =E& 
1.00 for REG =H 
1-01 for REG =L 
1.11 for REG =A 


Subtract 1 from the contents of the specified register. 
Suppose the C register contains 3A,,. After instruction: 
DCR Cc 


has executed, the C register will contain 39 ¢: 


00 h) 100 TS 1 bits, set P to 1 
Nonzero result, set Z to 0 


Carry status as 
hat aHinas No Carry, so Ac is reset to 0 
O sets S to 0 
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The contents of a read/write memory byte may also. be decremented: 


AcPSCZ DATA 


PSW EShaa MEMORY 


| eS ppaq 
2) GE ag 
if Cs 
He 
| Ce 
PC 
! : 
mmmm 
mmmm + 1 


DCR M 
~~ 


BOTIO107 
Suppose HL contains 3714,.¢. Then execution of the instruction: 
DCR M 


subtracts 1 from the contents of the memory. byte with address 37 14,.. Status flags are modified 
as described for the DCR C instruction. 


The DCR instruction is used in iterative instruction loops that use a counter with a value of 256 or 
less. This is the typical loop form: 


MVI REG,DATA /LOAD INITIAL COUNTER VALUE 
LOOP ‘FIRST INSTRUCTION OF LOOP 

DCR REG ;DECREMENT COUNTER 

JNZ LOOP :RETURN IF NOT ZERO 


DCX — DECREMENT REGISTER PAIR 


AcP SCZ DATA 
2 ESSE 
at SEE CANS Contents of 
JG SOR BSE Cae BC, DE, HL or 
it RR EES Oe SP is. yw 
SP 
PC 
1 PROGRAM 
MEMORY 
mmenm 
pes COS 
DCX. _ RP 
ma alt ae 
—_—— 
DOS TON 


0 0 for AP. = B, representing B.C 
0 1 for RP =D. representing D:E 
1.0 for RP. =H, representing H.L 
1 1 for RP =SP. representing the Stack Pointer 


Subtract 1 from the 16-bit value contained in the specified register pair. 
Suppose the Stack Pointer contains 2F7A,.. After instruction: 

DCX SP 
has executed, the Stack Pointer will contain 2F79,,. 


The DCX instruction does not modify any status flags, and this is a defect in the 8080 instruction 
set. Whereas the DCR instruction is used in iterative instruction loops that use a Counter With a 
value of 256 or less, the DCX instruction must.be used if the counter value is more than 256. 
Since the DCX instruction'sets no Status flags, other instructions. must be added simply to test for 
a zero result. This is a typical loop form: 


LX! D,DATA — :;LOAD INITIAL 16-BIT COUNTER VALUE 
LOOP. ; . iFIRST INSTRUCTION OF LOOP 

DCX D ‘DECREMENT COUNTER 

MOV A.D ‘TO TEST FOR ZERO. MOVE D TO. A 

ORA E STHEN OR A WITH E 

JNZ LOOP ;RETURN IF NOT ZERO 
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DI — DISABLE INTERRUPTS 


AcP SCZ 


DATA 
ew (TTD 


MEMORY 


mmmm 


mmmm.+ 1 


DI 


—— 


F3 


After this instruction has been executed the INTE signal is output low by the 8080 CPU, and no 
interrupt requests will be acknowledged: No registers or status flags are effected. 


Remember that when an interrupt is acknowledged, interrupts are automatically disabled: 


El — ENABLE INTERRUPTS 


DATA 
ror FETT 


MEMORY 


mmmmn 


mmmm.+ 1 


El 
—_— 
FB 


When this instruction is executed, interrupts are enabled, but not until one more instruction ex- 
ecutes 


Most interrupt service routines end with the two instructions: 


El ‘ENABLE INTERRUPTS 
RET ‘RETURN TO INTERRUPTED PROGRAM 
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If interrupts are processed serially, then for the entire duration of the interrupt service routine. all 
interrupts are disabled —.which means that-in a multi-interrupt application,. there isa significant 
possibility for one or more interrupts to be pending when any interrupt service routine completes 
execution. 


If interrupts were “acknowledged as soon.as the El instructions had executed,sthen the Return in- 
Struction would-not.be executed. Under these circumstances returns would’stack up one on top 
of the other — and unnecessarily consume. stack. memory space: This may be illustrated as 
follows: 


Interrupt 


Interrupt 


Interrupt 


Interrupt 
service 
routines 


By inhibiting interrupts for one more instruction following: execution of El, the 8080.CPU insures 
that the RET instruction gets executed in the sequence: 


El sENABLE: INTERRUPTS 
RET /RETURN’FROM INTERRUPT 


It is not uncommon for interrupts to"be kept disabled while an interrupt service routine is execut- 
ing. Interrupts are processed serially: 


Derg Interrupts Mee 


Interrupt’service 
routine 
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Interrupts 


Interrupt service 
routine 


If interrupts are processed serially, then priority arbitration will apply only during the acknowledge 
process. 


HLT — HALT 


DATA 
MEMORY 


HLT 


When the HLT instruction is executed, program execution ceases. It requires an interrupt or a 
reset to restart execution. No registers or statuses are affected. 


CAUTION: If interrupts are not enabled by an El instruction prior to the HALT in- 
struction, the 8080 CPU cannot exit the Halt state except by activa- 
tion of the hardware Reset. 
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IN — INPUT TO ACCUMULATOR 


AcP SCZ DATA 


IN PORT 
DB yy 


Load a byte of data into the Accumulator from the I/O port identified by the second IN instruction 
object code. byte. 


Suppose 36,, is held in the buffer of 1/O port 36. After the instruction: 
IN -1AH 

has executed, the Accumulator will:contain 1A 4g. 

The IN instruction does not affect any statuses 


Use. of the IN instruction is very hardware dependent. Valid \/O port addresses are determined by 
the way in which {/O logic has been implemented. It is also possible to design a microcomputer 
system that accesses external logic using memory reference instructions with specific memory 
addresses. 


INR — INCREMENT REGISTER OR MEMORY CONTENTS 


Ac PSC2 Cara 
PSW xb] MEMORY 
AD Ee 


Contents of A. 


EH 
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INR_ REG 
~—_—_—~ 


ch 


ae ete 

OOXXX100 
~ 
000 for REG =B 
00 1 for REG =C 
010 for REG =D 
01 1for REG =E 
100 for REG =H 
101 for REG =L 
11 1 for REG =A 


Add 1 to the contents of the specified register. 
Suppose the C register contains 3A;.. After instruction: 
INR. C 


has executed, the C register will contain 3B,.: 
Five 1 bits, set P to 0 
0011101 tate ‘ 
Nonzero result, set Z to O 


Carry status No Carry, so Ac is reset to 0 
not affected 


0 sets S to 0 


The contents of a read/write memory byte may also be incremented: 


AcP SCZ 


3 


zoom 
~&8emaor 


Ps 
AdTI0100 

Suppose HL contains 3714,.. Then execution of the instruction: 
INR M 


adds 1 to the contents of the memory byte with address 3714,.. Status flags are modified as de- 
scribed for the INR C instruction. 
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The INR instruction is used in iterative instruction loops that use a counter with a value of 256 or 
less. This is the typical loop form: 


MVI REG.DATA ;LOAD COMPLEMENT OF INITIAL COUNTER VALUE 


LOOP FIRST INSTRUCTION OF LOOP 
INR REG ;/DECREMENT COUNTER 
JNZ LOOP sRETURN IF.NOT ZERO 
INX — INCREMENT REGISTER PAIR 
AcPSCZ DATA 
ew COTO Cm) Mewony 
cg! ASE: WR OSE Contents of 
DEP ee SP ye eo einiaes DEL be 
1S ECR FRB SP is'yyyy 


OOXX0011 PROGRAM 


MEMORY 


OOXX0011 fommmn 
eae mmmm + 1 


Rp. 


INX 
—— 


O0OXX0011 
0.0 for RP. =8, representing B,C 
0-1-for RP =D, representing D_E 
1.0 for RP =H, representing H.b 
1 1 for RP = SP. representing the Stack Pointer 


Add 1 to the 16-bit value contained in the specified register pair. 

Suppose’ the D and E registers contain 2F7A,.. After instruction: 
INX. D 

has executed, the D and E registers will contain’ 2F7B,.: 


The INX instruction does not modify any status flags, and this is a defect in the 8080 instruction 
set. Whereas the DCR instruction is used-in iterative instruction:loops that use ‘a counter with a 
value of 256 or less, the INX instruction must be used if the counter value is more than 256. Since 
the INX’instruction*sets no status flags, other instructions must be added simply to test fora zero 
result, This is a typical loop: form: 


LXl D.DATA ;LOAD COMPLEMENT OF INITIAL. 16-BIT.. COUNTER 
VALUE 
LOOP - . ‘FIRST. INSTRUCTION OF LOOP 
INX D INCREMENT COUNTER 
MOV A.D ‘TO. TEST FOR ZERO, MOVE D TO A, 
ORA E sTHEN OR A.WITH € 
JNZ LOOP ‘RETURN IF NOT ZERO 
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JC — JUMP IF CARRY 
Jc 
—_— 
DA 


This instruction is identical to the JMP instruction except that the jump is only executed if the Car- 
ry status equals 1, otherwise the next instruction is executed. 


In the following instruction sequence: 


80H 
after the JC instruction, the CMA instruction is executed if the Carry status equals 1. The ANI in- 
struction is executed if the Carry status equals 0. 
JM — JUMP IF MINUS 
JM 
—— 


FA 


This instructions identical to the JMP instruction except that the jump is only executed if the Sign 
status equals 1; otherwise the next instruction is executed. 


In the following instruction sequence: 


80H 


after the JM instruction, the CMA instruction is executed if the Sign status equals 1. The ANI in- 
struction is executed if the Sign status equals 0. 
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JMP — JUMP TO THE INSTRUCTION IDENTIFIED IN THE 
OPERAND 


AcPSCZ DATA 


mmmm 
mmmm + 1 
mmmm + 2 


mmmm +3 


JMP. ADDR 


C3 ppaq 


Load the contents of the Jump instruction object code’ second and third bytes into. the Program 
Counter; this becomes the memory address for the next instruction to be executed. The previous 
Program Counter contents are lost. 


In. the following instruction sequence: 


JMP NEXT 
ANI 7FH 


NEXT CMA 80H 


after the JMP instruction, the CMA instruction will be executed. The ANI instruction will never be 
executed unless a Jump instruction somewhere else in the instruction sequence jumps to this in- 
struction. 


JNC — JUMP IF NO CARRY 
JNC 


D2 


This instruction is identical to the JMP instruction except that the jump is only executed if the Car- 
ry status equals 0; otherwise the next instruction is executed 


In the following instruction sequence: 
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after the JNC instruction, the CMA instruction is executed if the Carry status equals 0. The ANI in- 
strufction is executed if the Carry status equals 1, 


JNZ — JUMP IF NOT ZERO 
JNZ 


C2 


This instruction js identical to the JMP instruction except that the jump is only executed if the 
Zero status equals 0; otherwise the next instruction is executed. 


In the following instruction sequence: 


after the JNZ instruction, the CMA instruction is executed if the Zero status equals 0. The ANI in- 
struction is executed if the Zero status equals 1. 


JP — JUMP IF PLUS 
JP. 


F2 


This instruction is identical to the JMP instruction except that the jump is only executed if the Sign 
status equals 0; otherwise the next instruction is executed. 


In the following instruction sequence: 


after the JP instruction, the CMA instruction is executed. if the Sign status equals 0. The ANI in- 
struction is executed if the Sign status equals 1. 


JPE — JUMP IF PARITY EVEN 
Fe 
EA 


This instruction is identical to the JMP instruction except that the jump is only executed if the 
Parity status equals 1; otherwise the next instruction is executed. 


In the following instruction sequence: 
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after the JPE instruction, the CMA instruction is executed if the Parity status equals 1. The ANI in- 
Struction is executed if the Parity status equals 0. 
JPO — JUMP IF PARITY ODD 

JPO 

—_— 


E2 


This instruction is identical to the JMP instruction except that the jump is only executed if the 
Parity status equals 0; otherwise the next instruction is executed. 


In the following instruction sequence: 


80H 


after the JPO instruction, the CMA instruction is executed if the Parity status equals 0. The ANI in- 
struction is executed if the Parity status equals 1. 


JZ — JUMP IF ZERO 
JZ 


CA 


This instruction is identical to the JMP instruction except that the jump is only executed if the 
Zero status equals 1; otherwise the next instruction is executed. 


In the following instruction sequence: 


a1 


after the JZ instruction. the CMA instruction is executed if the Zero status equals 1. The ANI in- 
struction is executed if the Zero status equals O. 
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LDA — LOAD ACCUMULATOR FROM MEMORY USING 
DIRECT ADDRESSING 


ppaq 


mmmm 
mmmm +1 
mmmm + 2 


mmmm + 3 


LDA ADDR 
~— 
a a 

3A ppqq 


Load into the Accumulator the contents of. the memory byte addressed directly by the second 
and third bytes of the LDA instruction object code. 


Suppose memory byte 084A\¢ contains 3A. After the instruction: 
LABEL EQU 084AH 


LDA LABEL 
has executed, the Accumulator will contain 3A,,. 


Remember, EQU is an Assembler Directive, it is not an instruction; it tells the Assembler to use 
the 16-bit value 084A,, wherever LABEL appears. 


The instruction: 
LDA LABEL 
is equivalent to the two instructions: 


LXl H,LABEL 
MOV A.M 


When you are loading a single data value from memory, the LDA instruction is preferred; it uses 
one instruction and three object program bytes to do what the LX! MOV combination does in two 
instructions and four object program bytes. Also, the LXi MOV combination uses the H and L 
registers; the LDA instruction does: not. 
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LDAX — LOAD ACCUMULATOR FROM MEMORY LOCATION 
ADDRESSED BY REGISTER PAIR 


BC or DE eS semen 
> 


contain 


ppaq 


= 


DAX fe 


p) 


——_ 
000X1010 
0 if RP-is B, representing B.C 
1 if- RP is D, representing D.E 


Load into the Accumulator the contents of the memory byte addressed by the BC. or DE register 
pair, 


Suppose the B register contains 08;., the C register contains 4A,g and memory byte 084A), con- 
tains 3A,,. After the instruction: 


LDAX B 
has executed, the Accumulator will contain 3A\,. 
Note that there is no LDAX H instruction since this is identical to a MOV A,M. instruction. 


Normally the LDAX and LXI instructions will be used together. since the LXI instruction loads a 
16-bit address into the BC or DE registers, as. follows: 


Lx! B.O84AH 
LDAX B 


Notice that the LDAX instruction will only load data into the Accumulator, whereas the MOV in- 
Struction will load data into any register. 
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LHLD — LOAD H AND L REGISTERS DIRECT 


DATA 


ew (TTD MEMORY 


ppaq 


mmmm- 

mmmm + 1 
mmmm + 2 
mmmm +3 


LHLD ADDR 


2A ppaq 


The second and third object code bytes provide the memory address of a data byte, the-contents 
of which will be loaded into the L register. The contents of the next sequential data byte is loaded 
into the H register. 


Suppose memory byte 084A,, contains 3A,, and memory byte 084B,¢ contains 2C,,. After in- 
struction: 


LABEL EQU 084AH 


LHLD LABEL 
has executed, the H register will contain 2C,, and the L register will contain 3A4¢. 


Remember, EQU is an Assembler Directive, it is not an instruction; it tells the Assembler to use 
the 16-bit value 084A,,_. wherever LABEL appears. 


The LHLD instruction is a direct addressing version of the LXI H,DATA instruction. For example, 
the instruction: 


LxI H,2C3AH 
will also load 2C,¢ into the H register and 3A, into the L register. 
For 16-bit data that never changes, use LX! H.DATA instead of LHLD ADDR. 


Remember, if ADDR directly addresses a byte of read/write memory, you can change the value 
that will be loaded into the H and L registers by an LHLD instruction. To do this, simply write the 
new value into ADDR and ADDR + 1. 
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LX!1— LOAD A 16-BIT VALUE, IMMEDIATE, INTO A 
REGISTER PAIR 


Ace SCZ DATA 


SI 
i} CURR RS See BG 
See ae ee 
ir eo Load opt ints 


selected destination 


SP 
PC 
! PROGRAM 
MEMORY 
OOXX000T J. mmm 
BETES Cae 
{ RET ORS Agate 
OWOTEE Sates Cy 
LX! RP. DATA 
ji ee 
a Gi. Cie 
00xx0004 ppaq 


00 if RP =B, selecting B and C registers 
Q 1 if RP =D, selecting D.and E registers 
1.0 if RP: =H, Selecting H and L registers 
1 1 if RP =SP, selecting the Stack Pointer 


Load into the.selected register pair the contents of the second and third object-code bytes. 
After the instruction: 

LXI.. SP,217AH 
has executed, the Stack Pointer will contain 217A,¢, 


LX| is the instruction most frequently. used to-load addresses into. a register pair. 


MOV — MOVE DATA 


This instruction takes: two forms: Consider. first the contents..of one. register being. moved’ to 
another register. 


DATA 


Register A. B, 
ASD ee CDE HO 
st SES SRST 


Register A.B, 

; Pt ntenainmeesipenien 
pt POETS SRS C.D,E.Horl 
Oldddsss 


SRK 
O1dddsss 
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id 
v 


_ 
000d. ors is Register B 


00.1.d or s is Register C 
0.10.d or-s is Register D 
0.1.1 d ors is Register E 
100d or sis Register H 
10.1 dors is Register L 
11.1 dors ts the Accumulator 


Move the contents of any register to any register. For example, 
MOV. A.B 

moves the contents of the B register to the Accumulator. 
MOV L,D 

moves the contents of the D register to the L register. 
MOV .C,C 


does nothing, since the C register has been specified-as both the source and the destination. 
A memory byte may also be the data source: 


Destination XX ppaqq 
is nit in Register 


A.B C.D. E Hort 


O1ddd110 


Bilil 


O1ddd110 mena 
EG as 
MOV d M 
~— 
it 
Olddd110 
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Or a memory byte may be the data destination: 


Source is ppad 


“of 3 Register. A. 


8. C,D, EHort 


MOV M.S 
—— 
011140sss 


In either case, ddd or sss is interpreted as for a register-to-register move. 
Thus the instruction: 
MOV MA 


moves the Accumulator contents to the read/write memory byte addressed by the H and L 
registers, The instruction: 


MOV LM 
moves the contents of the memory byte addressed by the H and L régisters-into the-L register. 


The Move: instruction in its various forms is the most frequently used of the 8080 ‘instructions. 


MVI— LOAD DATA IMMEDIATE INTO REGISTER OR MEMORY 


be LS Ce DATA 
Destination 
A Rae is Register 
BOE en gx Mice 
2, RRR 
cf ses TRERS 


mmmm 
mmmm, +1 


mmmm +2 
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MVI__REG.DATA 


00ddd110 yy 
— 


000for REG =B8 
001 for REG =C 
010 for REG =0 
0.1 1for REG =E 


100 for REG =H 
101 tor REG =L 
11.1 for REG =A 


Move the contents of the second object code byte to one of the registers. 
When the instruction: 
MVi A.2AH 
is executed, 2A, is loaded into the Accumulator. The instruction: 
MVI —-H,03H 
loads 034. into the H register. 
Load data immediate into register instructions are very frequently used in 8080 programs. 


Notice that the LXI instruction is equivalent to two MV! instructions; for example, 


LXL ~-H,032AH 

is equivalent to: 
MVI_ H,03H 
MMVI -L,2AH 


Data may also be loaded immediately into a byte of read/write memory: 


Ac PSCZ DATA 


mmmm 
mmmm + 4 


mmmm + 2 


MVI_-M.DATA 


ih 


00110110 yy 
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Suppose the H register contains 03,, and the L register contains 2A,.: then when the instruction: 
MVI. M.2CH 


is executed, 2C,,’ will be loaded into memory -byte 032A 46. 


The load immediate into memory instruction (MVI M.DATA) is used much less than the load im- 
mediate into register instruction (MVI.REG,DATA). 


NOP — NO OPERATION 


AcPSC2Z DATA 


rw COD) wewory 
Pe 


NOP 
— 
00 


Nothing happens when this instruction is executed: it is present for two reasons: 


1) A program error that fetches an object code from non-existent memory will fetch 00: It is a 
good idea to insure that the commonest program error will do nothing. 


2) The NOP instruction allows you to give a label to an object program byte: 


HERE NOP 
3) To fine tune delay times. Each NOP instruction adds four clock cycles toa delay. 


NOP is not-a very. useful, or frequently used instruction. 


ORA — OR REGISTER OR MEMORY WITH ACCUMULATOR 


ACP SCZ DATA 
PSW MEMORY 
_) Cee 
| a ES 
oe 
as 
sP 
PC 
' PROGRAM 
MEMORY 


10110XXX mmmm 
mmmm + 1 


ORA REG 
od 
or 
10110Xxx 
— ‘« 
000 for REG =B 
001 for REG =C 
010 for REG =D 
O11 for REG =E 
100 for REG =H 
101 for REG. = 1. 
111 for REG =A 


Logically OR the contents of the Accumulator with the contents of any register. Store the result in 
the Accumulator. 


Suppose xx = E34, register E contains A8,,. After instruction: 
ORA E 


has executed, the Accumulator will contain EB,.. 


E3 
A8& 


11100011 


10101000 Six 1 bits, set P to 1 
Tio 


Nonzero result, set Z to O 


tl 


N 


Carry is always 
set to 0 
1 sets S to 1 
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The contents of a memory byte:may also. be ORed with the Accumulator: 


DATA 
MEMORY 
ppaqq 
mmmm 
mmmm +1 


101101410 


If xx = E3yg and yy = A84,, then execution of-the instruction: 

ORA M 
generates the same result as execution of the ORA E instruction, which was just described. 
ORA is not used as frequently as the OR immediate (ORI) instruction. 


Note that ORing the Accumulator with itself (ORA A) allows you to clear the-Carry status; this in- 
struction is also.used to set statuses following INX and DCX instructions. 


ORI — OR IMMEDIATE WITH ACCUMULATOR 


AcP SCZ DATA 


psw  fofx}xf oh} 


ORI DATA 
F6 yy 


OR the Accumulator with the contents of the second.instruction object code byte. 
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Suppose xx = 3A. After the instruction: 
ORI 7CH 


has executed, the Accumulator will contain 7E,¢: 


= Ve eee Six 1 bits, set P to 1 
0 
Nonzero result, set .Z to 0 
Carry is always 
set to 0 


0 sets S to 0 


3A 
7C 


i | 
coo 
-oO 
fo] 
° 


This is a routine logical instruction; it is often uSed-to turn bits ‘on’. For example, the instruction: 
ORI 80H 
will unconditionally set the high order Accumulator bit to 1. 


OUT — OUTPUT FROM ACCUMULATOR 


ee ae 
PSW. MEMORY 
A 
BC 
DE 
HL 
sp 
PC 
1 


OUT PORT 
03 vy 


Qutput the contents of the Accumulator to the |/O port identified. by the second OUT instruction 
object code byte. 


Suppose 364 is held in the Accumulator. After the instruction: 
OUT 1AH 

has executed, 36,6 will be in the buffer of 1/O Port 1A4.. 

The OUT instruction does not affect any statuses. 


Use of the OUT instruction is very hardware dependent. Valid |/O port addresses are determined 
by the way in which !/O logic has been implemented. It is.also possible to design a microcom- 
puter system that accesses external logic using memory reference instructions with specific 
memory addresses. 


OUT instructions are frequently used in special ways to control microcomputer logic external to 


the CPU. 
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PCHL — JUMP TO ADDRESS SPECIFIED BY HL 


AcP SCZ DATA 


PSW CLD MEMORY 
eras 


mmmm 


mmmm + 1 


Eg 


The contents of the H and L registers are moved to the Program Counter; therefore an implied 
addressing jump is performed. 


The instruction sequence 


LX} H,ADDR 
PCHL 


has exactly the same net effect as the single instruction: 
JMP ADDR 
Both specify that the instruction with label ADDR is to be executed next. 


The PCHL instruction is useful when you want to increment a return address for a subroutine that 
has multiple returns. 


Consider the following call to subroutine SUB: 


CALL SUB ‘CALL SUBROUTINE 
JMP ERR ‘ERROR RETURN 
;GOOD RETURN 


Using RET to return from SUB would return execution to JMP ERR; therefore. if SUB executes 
without detecting error conditions, return as follows: 


POP H ‘POP RETURN ADDRESS TO HL 
INX H ;ADD 3 TO RETURN ADDRESS 
INX H 

INX H 

PCHL ‘RETURN 
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POP — READ FROM THE TOP OF THE STACK 


AcP SCZ DATA 
A Be tne Select A.PSW. or Bases =s 
a BC or DE or nf me 
- Se Ee PE ssss+ 2 
t, Ce a) 


—~ 


11Xx0001 


mmmm 


mmmm + 1 


POP RP 


} 


-~ 

11XX0001 

00 if RP is 8, selecting B and C registers 

01 if RP is D, selecting D and E registers. 

10 if RP is H, selecting H and t registers 

11 if RP is PSW. selecting the Accumulator and the status flags as a 16-bit unit 


Pop the two top stack bytes into the designated register pair 
Suppose qq = 031, and pp = 2A4,. Execution of the instruction: 
POP. -H 
loads 034, into the L register and 2A4. into the H register. Execution of the instruction: 
POP PSW 


loads 03,¢ into the status flags and 2A; into the Accumulator. Thus the C status will be set to 1; 
other statuses will be cleared. 


The POP instruction is most frequently used to restore register and status contents which have 
been saved on the stack, for example, while servicing an interrupt. 
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PUSH — WRITE TO THE TOP OF THE STACK 


Ac PSCy DATA 
ew (TTT) MEMORY 
Select 
A. PSW or eee rs 
A c 
fy REL P EE CREE cite TO eee 
JUS OA RS SE SAE Contain: ppad Saat 
SSss 
yt SEER TRS Sweeties 
SP 
Pc 
! 11XX0101 PROGRAM 
MEMORY 
mmmm 
mmmm + 1 


PUSH Re 


VITXX0101 
~ 
0 O:it RP'is B, selecting B and °C registers 


0.1 is RP is D, selecting D and:E registers 
1.0 if RP is H, selecting H and registers 
1.1 if RP. is PSW. selecting the Accumulator and the status flags as a 16-bit unit 


Push the contents of the designated register pair.onto the top of the: stack 


Suppose the H register contains 03y6 and the L register contains 2A;¢. Execution of the instruc- 
tion: 


PUSH H 
loads 03,, then 2A, into the top of the stack. Execution of the instruction: 
PUSH PSW 
loads the Accumulator, then. the status flags into the top of the stack, 


The PUSH instruction is most frequently used to save register and status contents, for example, 
before servicing an interrupt. 
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RAL — ROTATE ACCUMULATOR LEFT THROUGH CARRY 


DATA 
MEMORY 


RAL 
—~ 


7 
Rotate Accumulator contents left one bit through Carry status. 
Suppose the Accumulator contains 7Ayg and the Carry status is set to 1, After the 
RAL 
instruction is executed, the Accumulator will contain F5,_ and the Carry status will be reset to 0: 


Accumulator — C Accumulator C 
01111010 1 17110101 0 


The RAL instruction is frequently used to perform multibyte left shifts, as described in “An _In- 
troduction To Microcomputers, Volume |". The Carry status is cleared before performing the first 
left shift: subsequently the Carry status propagates the high order bit of one byte into the low 
order bit of the next byte. Here is an instruction sequence that shifts the contents of four memory 
bytes left, one bit: 


LX! H,DATA ;LOAD ADDRESS OF LOW ORDER DATA BYTE 
ANA A ‘INITIALLY CLEAR CARRY 
MVI B,3 ]USE REGISTER B AS A COUNTER 
LOOP MOV A.M ‘LOAD DATA BYTE INTO ACCUMULATOR 
RAL ‘ROTATE LEFT 
MOV M.A /RESTORE RESULT 
INX H INCREMENT ADDRESS IN HL 
DCR B ;DECREMENT COUNTER 
JNZ LOOP ;RETURN FOR NEXT BYTE IF THERE IS ONE 


Notice the careful thought that has been given to the statuses that are, or [| STATUS 

are not set. RAL effects the Carry status only. INX and DCR effect the | CONDITIONS 
Zero, Sign and Parity statuses, but not the Carry. which is therefore 

preserved from one execution of RAL to the next. 
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RAR — ROTATE ACCUMULATOR RIGHT THROUGH CARRY 


DATA 
MEMORY 


mmmm 
ee ee 


Rotate Accumulator contents right one bit through Carry status. 


Suppose the Accumulator contains. 7A, and the Carry status is set to 1. After the: 
RAR 
instruction is executed, the Accumulator will contain BD;, and the Carry status will be reset to 0: 


Accumulator | C r Accumulator C 
01111010 14 107111TOTF O 
The RAR instruction is frequently. used to perform multibyte right shifts, as described in ‘An In- 
troduction To Microcomputers, Volume |". The Carry status.is cleared before performing the first 
right shift; subsequently the Carry status propagates:the high order bit of one byte into the low 
order bit of the next byte. Here is an‘instruction sequence that shifts the contents of four memory 
bytes right, one bit: 


LXl H,DATA | ;LOAD ADDRESS OF LOW ORDER DATA BYTE 
ANA A SINITIALLY: CLEAR CARRY. 
MV B.3 ‘USE REGISTER-B AS A COUNTER 
LOOP MOV A.M ‘LOAD DATA BYTE INTO.ACCUMULATOR 
RAR ‘ROTATE RIGHT 
MOV M.A -RESTORE RESULT 
INX H sINCREMENT ADDRESS IN HL 
DCR B ‘DECREMENT COUNTER 
JNZ LOOP :RETURN FOR NEXT BYTE IF THERE IS ONE 


See the RAL description for a discussion of statuses. 
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RC — RETURN IF THE CARRY STATUS EQUALS 1 
fe 
D8 


This instruction is identical to the RET instruction except that the return is not executed unless the 
Carry status equals 1 when the RC instruction is executed. 


Consider the instruction sequence: 


‘FIRST SUBROUTINE INSTRUCTION 


After the RC instruction is executed, if the Carry status equals 1, execution returns to the ANI in- 
struction which follows the CALL. If the Carry status equals 0, the ORA instruction being the next 
sequential instruction, is executed. 


RET — RETURN FROM SUBROUTINE 


DATA 
MEMORY 


[| pp | XXxx + 4 


PROGRAM 
MEMORY 


mmmm + 1 


mmmm 


cg 


Move the contents of the top two stack bytes to the Program Counter; these two bytes provide 
the address of the next instruction to be executed. Previous Program Counter contents are lost. 
Increment the Stack Pointer by 2 to address the new top of stack. 
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Every subroutine must contain at least one Return (or conditional Return) instruction; this is the 
last instruction executed within the subroutine and causes execition to return to the calling pro- 
gram. 


For an illustrated description of the RET instruction’s execution see Chapter 5. 


RLC — ROTATE ACCUMULATOR LEFT 


AcPSCZ DATA 


mmmm +1 


07 


Rotate Accumulator contents left one bit. 
Suppose the Accumulator. contains 7A;, and the Carry status is set to 1. After the: 
RLC 
instruction is executed, the Accumulator will contain F4,, and the Carry status will be reset to. 0: 


Accumulator = C > Accumulator C 
011711010 1 11110100 0 


RLC should be used as a logical instruction. 


RM — RETURN IF THE SIGN STATUS EQUALS 1 
eu 
F8 
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_ This instruction is identical to the RET instruction except that the return is not executed unless the 
Sign status equals 1 when the RM instruction is executed. 


Consider the instruction sequence: 


ALL SUBR 
ANI 7CH 


FIRST SUBROUTINE INSTRUCTION 


After the RM instruction is executed, if the Sign status equals 1, execution returns to the ANI in- 
struction which follows the CALL. If the Sign status equals 0, the ORA instruction, being the next 
sequential instruction, is executed. 


RNC — RETURN IF THE CARRY STATUS EQUALS 0 
RNC 
_——: 
DO 


This instruction is identical to the RET instruction except that the return is not executed unless the 
Carry status equals O when the RNC instruction is executed. 


Consider the instruction sequence: 


FIRST SUBROUTINE INSTRUCTION 


After the RNC instruction is executed, if the Carry status equals 0, execution returns to the ANI in- 
struction which follows the CALL. If the Carry status equals. 1, the ORA instruction, being the next 
sequential instruction, is executed. 
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RNZ — RETURN IF THE ZERO STATUS EQUALS 0 


RNZ 
—~_ 


co. 


This instruction is identical to the RET instruction except that the return is not executed unless the 
Zero status equals 0 when the RNZ instruction is executed. 


Consider the instruction sequence: 


;FIRST SUBROUTINE INSTRUCTION 


After the RNZ instruction is executed, if the Zero status equals 0, execution returns to the ANI in- 
struction which follows the CALL. If the Zero status equals 1, the ORA instruction, being the next 
sequential instruction, is executed 


RP — RETURN IF THE SIGN STATUS EQUALS 0 


RP 
—_— 


FO 


This instruction is identical to the RET instruction except that the return is not executed unless the 
Sign status equals 0 when the RP instruction is executed. 


Consider the instruction sequence: 


FIRST SUBROUTINE INSTRUCTION 


After the RP instruction is executed, if the Sign status equals 0, execution returns to the ANI in- 
struction which follows the CALL. If the Sign status equals 1, the ORA instruction, being the next 
sequential instruction, is executed. 


RPE — RETURN IF THE PARITY STATUS EQUALS 1 
RPE 


E8 


This instruction is identical to the RET instruction except that the return is not executed unless the 
Parity status equals 1 when the RPE instruction is executed. 


Consider the instruction sequence: 


‘FIRST SUBROUTINE INSTRUCTION 


After the RPE instruction is executed, if the Parity status equals. 1. execution returns to the ANI in- 
struction which follows the CALL. If the Parity status equals 0, the ORA instruction, being the next 
sequential instruction, is executed. 
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RPO — RETURN IF THE PARITY STATUS EQUALS 0 
BPO 
EO 


This instruction is identical to the RET instruction except that the return is not executed unless the 
Parity status equals 0 when the RPO instruction is executed. 


Consider the instruction sequence: 


ALL SUBR 
ANI 7CH 


‘FIRST SUBROUTINE INSTRUCTION 


After the RPO instruction is executed, if the Parity status equals 0, execution returns to the ANI in- 
struction which follows the CALL. If the Parity status equals 1, the ORA instruction, being the next 
sequential instruction, is executed 


RRC — ROTATE ACCUMULATOR RIGHT 


AcP SCZ DATA 
MEMORY 


RRC 


Rotate Accumulator contents right one bit 
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Suppose the Accumulator contains: 7Ay_ and the Carry status is set to 1. After the: 
RRC 
instruction is executed, the Accumulator will contain 3D}, and the Carry status will be reset to 0: 


Accumulator C Accumulator C 
01111010 1——wO00111101 0 


RRC should be used as a logical instruction. 


RST — RESTART 


xxxx-2 
XXXX- 1 


XXX 


mmmm 
mmmm + 1 


RST N 


TUXXXIT11 


Call the subroutine origined .at the low memory address specified by N 


When the instruction: 
RST 3 


is executed, the subroutine origined at memory location 0018 4, is called. The previous Program 
Counter contents are pushed to the top of the stack. 


Usually the RST instruction is used in conjunction with interrupt processing. as described in 
Chapter 5 


If your application does not use all RST instruction codes to | SUBROUTINE 
service interrupts, do not overlook the possibility of calling | CALL USING 
subroutines using RST instructions. Origin. frequently used | RST 

subroutines at appropriate RST addresses, and these subroutines can be 
called with a single byte RST instruction, instead of a three-byte CALL instruction 


RZ — RETURN IF THE ZERO STATUS EQUALS 1 
RZ 


ae 


C8 
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This instruction is identical to the RET instruction except that the return is not executed unless the 
Zero status equals 1-when the RZ instruction is executed. 


Consider the instruction sequence: 


FIRST SUBROUTINE INSTRUCTION 


After the RZ instruction is executed, if the Zero status equals 1, execution returns to the ANI in- 
struction which follows the CALL. If the Zero status equals 0, the ORA instruction, being the next 
sequential instruction. is executed. 


SBB — SUBTRACT REGISTER OR MEMORY FROM 
ACCUMULATOR WITH BORROW 


This instruction takes two forms. First consider a registers contents subtracted. from. the Ac- 
cumulator: 


DATA 
MEMORY 
Contents of 
*A,B.C,.D.E. 
Hor L is yy 
' PROGRAM 
MEMORY 
mmmm 
se REG mmmm +1 
~ 
Cured 
1OO01T1XXX 
~— 
000*for REG =8 
001 for REG =.C 
010 for REG =D 
011. for REG =E 
100 for REG =H 
101 for REG =L 
111 for REG =A 
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Subtract the contents of the specified register, and the Carry status, from the Accumulator treat- 
ing registers contents as simple binary data. 


Suppose xx = E3,,, register E contains AO... C = 1..After instruction: 


SBB E 


has executed, the Accumulator will contain 42,6: 


E3 
Twos comp of AO 
Twos comp of 1 = 


i 


Il 
ant ces 


1 
1 
1 Two 1 bits, set P to 1 
010 hj 010 eller int Nonzero result, set Z to 0 
; y| \ 


Carry sets Ac to 1 


Carry is set to 0 
0 sets S to 0 


Notice that the resulting Carry is complemented. 
The contents of a memory byte may also be subtracted, with borrow, from the Accumulator: 


AcP SCZ DATA 
PSW MEMORY 
A 
] ier an Rea ce 
| Sears Rae mmaL 
a 


mmmm 
mmmm + 1 


~_—e 
10071710 


If xx = E3,. and yy = AOj¢. C = 1 then execution of the instruction: 
SBB M 
generates the same result as execution of the SBB E instruction. which was just described. 


The SBB instruction is used in multibyte subtraction after the low order byte has been proeessed 
using the SUB instruction. 
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SBI— SUBTRACT IMMEDIATE DATA FROM ACCUMULATOR 
WITH BORROW 


AcPSCZ 


DATA 

pw fx Ixy MEMORY 
A 
BC 
DE 
HL 
SP 
PC 

! PROGRAM 

MEMORY 


mmmm 
mmmm +1 


mmmm + 2 


SBI DATA 
~—_—_~———duv—— 
DE vy 


Subtract the contents of the second instruction code byte, and the Carry status, from the Ac- 
cumulator. 


Suppose xx = 3A4¢ and the Carry status = 1. After the instruction: 
SBI 7CH 
has executed, the Accumulator will contain BD,¢ 


3A = 00111010 
Twos comp of 7C 10000100 
Twos comp of Carry = 111117111 


Six 1 bits, set P to 1 
2 ees 


Nonzero result, set Z to 0 
Carry is set to 0 1 
Leste Sito d Sas sets Ac to.1 


Notice that the resulting Carry is complemented. 


i 


This instruction is not used as frequently as SUI 
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SHLD — STORE H AND L REGISTERS DIRECT 


AcPSCZ DATA 


PSW CIT) MEMORY 


ppaq 
ppaq i 1 


mmmm 
mmmm.+ 1 
mmmm + 2 
mmmm +3 
SHLD ADDR 
— — 
22 ppag 


The second and third object code bytes provide the memory address of a data byte into which 
the L register contents is written. The H register contents are written into the next sequential data 
byte 

Suppose xx = 2Cy, and yy = 3Ajg¢. After the instruction 


LABEL EQU 084AH 


SHLD LABEL 
has executed, memory byte 084Aj¢ will contain 2Cy.. Memory byte 084B,, will contain 3A4.. 


Remember, EQU is an Assembler Directive, it is not an instruction; it tells the Assembler to use 

the 16-bit value 084A, whenever LABEL appears. 

SPHL—LOAD THE STACK POINTER FROM THE H AND L 
REGISTERS 


DATA 
MEMORY 


SPHL 
ee 


FQ 
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Move the contents of the H and L registers to the Stack Pointer. 
Suppose pp = 08,,_ and qq = 3F,,. After the instruction: 

SPHL 
has executed, the Stack-Pointer will contain O83F ¢. 


The SPHL instruction can be used to access two stacks —with an idle address 
preserved in the H and L registers: Frequently stacks are used in this fashion to access text strings 
or any Such data’ that must-be accessed: byte serially. 


The important point to bear in mind is that stack logic can be used instead of im- 
plied memory addressing with auto-increment. 


STA — STORE ACCUMULATOR IN MEMORY USING DIRECT AD- 
DRESSING 


AcPS.C2Z DATA 


PSW CLITD MEMORY 


ppaqq 
mmmm 
q mmmm + 1 
mmmm + 2 
ay... Bee CAEN 
ool mmmm + 3 


SA ppaq 


Store the Accumulator contents in the memory. byte addressed-directly by the second and third 
bytes of the STA instruction object code 


Suppose the Accumulator contains 3Aj.. After. the. instruction: 
LABEL EQU 084AH 


STA LABEL 
has executed. memory byte 084A,¢ will contain 3A,¢. 


Remember, EQU is an Assembler Directive, it is not'an_ instruction; it tells the Assembler to-use 
the 16-bit value 084A, wherever LABEL appears 


The instruction: 


STA LABEL 

is equivalent to the two instructions: 
LX! H,LABEL 
MOV M.A 


When you are storing 'a single data value in: memory,.the STA instruction is. preferred; ituses one 
instruction and three object program bytes ‘to do what.the LXl MOV. combination does in two:in- 
structions and four object program. bytes. Also, the. LX! MOV combination uses the H and t 
registers; the STA instruction does not. 


STAX — STORE ACCUMULATOR IN THE MEMORY LOCATION 
ADDRESSED BY A REGISTER PAIR 


Ac PSCZ DATA 
PSw OID MEMORY 
aes 
ie SES, Ce BC or DE Poe ieee] 
| SS an SORE contain ppaq et 


000X0010 mmmm 


mmmm + 1 


STAX RP. 
—— 


me 

000X0010 
0 if RP is B, representing B.C 
1 if RP is D, representing DE 


Store the Accumulator contents in the memory byte addressed by the BC. or DE register pair 


Suppose the B register contains 08,¢, the C register contains 4A,, and the Accumulator contains 
3A,,. After the instruction: 


STAX B 
has executed, memory byte 084A) will contain 3Aj¢. 
Note that there is no STAX H instruction since this is identical to a MOV M.A instruction, 


Normally the STAX and LXI instructions will be used together, since the LXI instruction loads a 
16-bit address into the BC or DE registers. as follows: 


LXl B,084AH 
STAX B 


Notice that the STAX instruction will only store data from the Accumulator, whereas the MOV in- 
struction will store data from any register. 


STC — SET CARRY STATUS 


AcPSCZ DATA 


mmmm 


mmmm + 1 


~“a 
37 


When the STC instruction is executed, the Carry status is set to 1, regardless of its previous value. 
No other statuses or registers contents are effected 


SUB — SUBTRACT REGISTER OR MEMORY FROM 
ACCUMULATOR 


This instruction takes two. forms. First consider a register's contents subtracted from the Ac 
cumulator: 


AcPSCZ 


ie 


TRA SEATS Contents of 
aaa TRO fe ererere eee 


DATA 
MEMORY 


——_ 


OT me 
10010 XX 
— 


000 for REG =B 
00:1for REG =C 
Q 10 for REG: =D 


0 1.1 for REG = 
1.00 for REG =H 
1 for REG = 
(REG =A 
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Subtract the contents of the specified register from the Accumulator treating registers contents as 
simple: binary data. 


Suppose xx = E3,, and register E contains AQ,.. After instruction: 
SUB E 


has executed, the Accumulator will contain 43,6: 


E3 = 11100014 


Twos comp of AO = 01100000 ae ee 1 bits, set P'to 0 
01000011 lonzero result, set Z to 0 


Carry is settoQ 1 h 
No carry so 
0 sets S to O Ac is set to 0 


Notice that the resulting Carry is complemented. 
The contents of a memory byte may also be subtracted from the Accumulator: 


AcPSCZ DATA 


pw fIxPxd xP] MEMORY 


2 Se pag 


mmmm 
mmmm +1 


SUB 


M 
— 
Ay 
10010110 
If xx = E3,_ and yy = A0Oj.. then execution of the instruction: 
SUB M 
generates the same result as execution of the SUB E instruction, which was just described. 


The SUB instruction is used to perform single byte subtractions. or for the low order byte in 
multibyte subtractions. 


SUI — SUBTRACT IMMEDIATE DATA FROM ACCUMULATOR 


AcPSC2Z DATA 
MEMORY 
PSW UxfxDdxbd 


mmmm 
mmmm + 1 
TP] mmm + 2 
Sul DATA 
~~“ 
D6 vy 


Subtract the contents. of the second instruction code byte from the Accumulator. 
Suppose xx = 3A,,. After the instruction: 
SBI 7CH 


has executed, the Accumulator will contain BEy.: 


3A 00.11:1010 ‘ oo 
Twos comp of 76 =.10000100 ix 1 bits, set P to 
potite — 


Nonzero result. set Z to 0 
No Carry so 
Carry is set to. 1 ' 
1-sets S to 1 


No Carry so Ac 
is set to-0 


Notice that the resulting Carry is complemented. 
This instruction is the preferred subtract immediate. 


6-74 


XCHG — EXCHANGE DE AND HL REGISTERS’ CONTENTS 


AcP SCZ DATA 


coo + ew 


mmmm 
mmmm +1 


XCHG 
—— 


£B 
The D and E registers’ contents are swapped with the H and L registers’ contents 
Suppose pp = 0346, qq = 2Ai6; xx = 4146 and yy = FC4¢. After the instruction: 
XCHG 
has executed, H will contain 034g. L will contain 2A4_; D will contain 41,,_ and E will contain FC4.¢. 


The two instructions: 


XCHG 
MOV A.M 
are equivalent to: 
LDAX D 
But if you want to load data addressed by the D and E registers into the B register, 
XCHG 
MOV B.M 


has no single instruction equivalent. 
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XRA — EXCLUSIVE-OR REGISTER OR MEMORY WITH 
ACCUMULATOR 


This instruction takes two forms. First consider a registers contents Exclusive-ORed with the Ac 
cumulator: 


AcPSCZ DATA 
MEMORY 
Contents of 
“ee A BC DE 
H or-L is ‘yy 
PC mmmm 
PROGRAM 
MEMORY 
mene 
Sees mmmm + 1 
XRA REG 
: J 
PP 
TOTO01XXX 
— 


0 0 0 for REG =B8 
0.0.1 for REG =C 
0-1 0 for REG. =D 


0.1.1 for REG: =E 
1.0.0 tor REG =H 
1.0.1 for REG-=L 
V1 t-tor REG =A 


Exclusive-OR the contents of the specified register with the Accumulator treating registers con- 
tents as simple binary data. 


Suppose xx = £3,, and register E contains AQ,,: After instruction: 
XRA E 


has executed, the Accumulator will contain 43,¢: 


I 


E3 
Twos comp of AO 


114100011 
10100000 ond aires a Ca 
10000011 Nonzero result. Set Z to 0 


Ml 


Carry is set to 0 
0 sets S to 0 
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The contents of a memory byte may also be Exclusive-ORed with the. Accumulator 


DATA 
MEMORY 
ppaq 
mmmm 
mmmm +1 


XRA M 


10101T10 
If xx = E3,,_ and yy = AQj,, then execution of the instruction: 
XRA M 
generates the same result as execution of the XRA E instruction, which was just described, 


The Exclusive-OR instruction is used to test for changes in bit status 


XRI — EXCLUSIVE-OR IMMEDIATE DATA WITH 
ACCUMULATOR 


DATA 
MEMORY 


PROGRAM 
MEMORY 


mmmm 
mmmm + 4 
mmmm + 2 


EE vy 


Exclusive-OR the contents of the second instruction code byte with the Accumulator 
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Suppose xx = 3A 4g. After the instruction: 
XR 7CH 


has executed, the Accumulator will contain 46,6: 


3A = 00111010 
Twos comp of 7C = 01111100 ety Three 1 bits. set P to 7 
01000110 Nonzero result, set Z to O 
Carry is set 
to 0 
0 sets S to 0 


This instruction is the preferred subtract immediate 


XTHL — EXCHANGE TOP OF STACK WITH HL 


AcPSCZ DATA 


PSW CLILD MEMORY 


XXX 
Xxx + 1 


XXxx + 2 


mmmm 


mmmm + 1 


XTHL 
——_ 
E3 


Exchange the contents of the L register with the top stack byte. Exchange the contents of the H 
register with the byte below the stack top. 


Suppose pp = 2145. aq = FAig. rr = 3Ay6, SS = E249. After the instruction: 
XTHL 


is executed, H will contain E2,,.. L will contain 3A,, and the top two Stack bytes will contain FAj, 
and 21,6, respectively. 


The two instructions: 


XTHL 
XTHL 


executed in sequence are equivalent to no operation. 


The XTHL instruction is used to access and manipulate data at the top of the stack, as illustrated 
in the multiple subroutine discussion in Chapter 5. 


Chapter 7 
SOME COMMONLY 
USED SUBROUTINES 


There are a number of operations which occur in many microcomputer programs, 
irrespective of the application. This chapter will provide a number of frequently 
used instruction sequences. 


To make the most effective use of this chapter, you should study each subroutine until you know 
it well enough to modify it. As a simple exercise, you should attempt to rewrite the subroutine, so 
that it does the same job using fewer execution cycles, or fewer instructions, or both. Next, 
rewrite the programs to implement variations. For example, binary multiplication of 16-bit num 
bers is illustrated; how about a routine to multiply 32-bit numbers? Look upon each example as a 
typical, illustrative instruction sequence, which you will likely modify to meet your immediate 
needs. 


Simple programs at the level covered in this chapter fall into one of four catego- 
ries: 

1) Memory addressing 

2) Data movement 

3) Arithmetic 

4) Program execution sequence logic 


We will describe programs in the above category sequence. 


MEMORY ADDRESSING 


Although the 8080/9080 memory addressing modes are limited to direct and implied addressing, 
simple instruction sequences allow any of the other addressing modes to be simulated. 


We are going to show auto increment and auto decrement. indexed addressing, indirect address- 
ing and indirect addressing with post indexing; all of these addressing modes are described and 
illustrated in ‘An Introduction To Microcomputers’, Volume | 


AUTO INCREMENT AND AUTO DECREMENT 


One of the weaknesses of the 8080/9080 instruction set, as compared to some other 
microcomputers, is the lack of auto incrementing and auto decrementing implied ad- 
dressing options; the data move routines described later in this chapter illustrate the gratuitous 
need to constantly increment/decrement addresses when handling data buffers —— or any blocks 
of contiguous data memory bytes 


STACK 
Under some circumstances, you can use the Stack Pointer to im- | POINTER 
plement implied memory addressing with auto increment or | MEMORY 
auto decrement. However, you must live with some program- | ADDRESSING 
ming restrictions: 


1) You must use the Push instruction in lieu of a write-to-memory and the Pop instruction in 
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lieu of a read-from-memory. This restricts you to auto decrementing when writing and auto 
incrementing when reading. 


2) Memory is accessed as byte pairs; remember, the Push andPop. instructions. deal. with 
register pairs, not with. single-byte data units. This canbe an advantage ifit cuts in. half the 
number of instructions executed: it is a disadvantage if you are. dealing with buffers of odd- 
byte length, or if for any reason you cannot handle your data in-16-bit. units. 


3) The previous Stack Pointer contents address the current stack top; soit must be saved while 
using the Stack Pointer as a memory address:register. This, of course, means you cannot use 
subroutines, or access the stack, until you have restored: the Stack Pointer. 


How are you going to save the prior Stack Pointer contents? The 8080 ‘in- 
struction set provides:the-SPHE- instruction to joad the Stack Pointer from 
the H and L registers; but there is no instruction which moves 
Stack Pointer contents into the HL registers — or any other 
register. Instead, you must clear the H and L registers, then execute a DAD in- 
struction as follows: 


MVI H.0 ;CLEAR H 
MOV tH ;CLEAR’L 
DAD OF. :MOVE-SP TO HL 


Note that the DAD instruction will modify the Carry status. Now you can save the 
Stack Pointer contents in. another register pair: 


XCHG -SAVE-HE«IN DE 
or: 

MOV BH iSAVE HLAIN BC 

MOV Cl 


Or you can teserve. two bytes of read-write memory for:temporary Stack Pointer storage: 


SHLO STAK ‘Save Ht at STAK and STAK +.1 
Restoring the saved Stack Pointer contents is very easy; from) BC; these.in-, . [RESTORING 
structions apply: 

MOV. HB iMOVE'BC TO. HL 

MOV EG 

SPHL :MOVE HL-TO SP 


From DE, these instructions apply: 


XCHG ‘MOVE DE TO Ht 
SPHL ‘MOVE. HE TO SP 
From memory. these instructions apply: 
LHLD STAK ;LOAD. HL FROM STAK AND STAK + 1 
SPHL MOVE HE TO. SP 


Once the Stack’ Pointer ‘contents have been saved, you can load a.new.- | LOADING 
address into the: Stack Pointer immediately: ADDRESS 


LX! SP;ADDR 


Or you can load an address which has been. saved in two. bytes of read/ 
write memory: 


LHLD ADDR ;LOAD- ADDRESS INTO HL 
SPHE ‘-MOVE-HL TO SP 


INTO STACK 
POINTER 
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INDEXED ADDRESSING 


Indexed addressing requires an address to be computed as a base address, plus 
displacement, provided by an index register; here is an example: 


Arbitrary 
memory 
DATA y address 
MEMORY 
Start of table 0800 ~<a BASE 
0801 
0802 
0803 
‘ ' 
ry ' INDEX=A3 
O8A0 
08A1 
O8A2 
Current table byte OBA3 ame BASE + INDEX 


Chances are that BASE is a non-varying address, whereas INDEX is constantly changing; we. will 
therefore access BASE as an immediate, 16-bit value, but INDEX is assigned two read/write 
memory bytes, with addresses INDX and INDX + 1..Now. you can create an.indexed address as 
follows: 


LX| B.BASE ‘LOAD BASE ADDRESS INTO BC. 
LHLD INDX ‘LOAD INDEX INTO HL 
DAD B ‘ADD: BC: TO: HL 


What if the current index value changes? When you are done, you can restore the new index 
value by subtracting BASE from. the contents of HL, as follows: 


LXl B.BASE :LOAD BA SE ADDRESS INTO BC 

MOV AL ‘SUBTRACT C.FROM L 

SUB Cc 

STA INDX ‘SAVE IN INDX 

MOV AH ‘SUBTRACT. B FROM H WITH BORROW 
SBB B 

STA INDX +: 1 SAVE IN INDX +1 


INDIRECT ADDRESSING 


Indirect addressing specifies that the memory address you require is stored in two memory bytes: 


Arbitrary 
memory 
Ff addresses 
0800: 
0801 
0802 <&— INDA 


0803 
0804 


0A20 
0A21 
0A22 
ba23 
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DATA MOVEMENT 


We will now examine some instruction sequences that locate and move con- 
tiguous blocks of data bytes — data buffers of any length. 


MOVING SIMPLE DATA BLOCKS 


Beginning with a very simple program, consider moving the contents of a con- 
tiguous block of data memory bytes from one area of memory to another. The 
simplest way of performing this operation is to address the source and destination buffers using 
the DE and HL registers. The following memory map illustrates the data movement operation: 


Arbitrary 
DATA Memory 
Move data MEMORY Addresses 
via Accumulator 
Count down buffer 0800 SRCE 
length in.C 0801 
0802 
0803 


Address source 
and 
destination 


This is the data move program: 


LXI H,SRCE ;LOAD SOURCE ADDRESS INTO HL 
LX! D,DST ‘LOAD DESTINATION ADDRESS INTO DE 
MVI C.CNT ‘LOAD BYTE COUNT INTO C 
LOOP MOV A.M ;LOAD SOURCE BYTE 
INX H INCREMENT SOURCE ADDRESS 
STAX D ‘STORE IN DESTINATION 
INX D INCREMENT DESTINATION ADDRESS 
DCR Cc ;DECREMENT BUFFER LENGTH 
JNZ LOOP ;RETURN IF BUFFER NOT EMPTY 


MULTIPLE TABLE LOOKUPS 


Next consider a multiple table lookup. This is a more complex variation of the data move 
which we just described. 
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An indefinite number of data tables have their starting addresses stored in an index table. The in- 
dex table's starting address is given by label TABX: 


MEMORY 
TABX Base address of Table 1 
TABX +2 Base address of Table 2 
TABX +4 Base address of Table 3 
TABX +6 Base address of Table 4 
etc etc etc 


A number of data bytes are in temporary storage. starting at a. memory location identified by the 
label CBASE. The actual number of data bytes can be found ina memory location identified by 
the label CNT. This source buffer is equivalent to the source buffer in the data move program we 
have just described. 


The destination for the block of data is one ‘of the data tables. The table number is identified by 
the symbol TBNO, which \s loaded as immediate data, The first two bytes of every table identify 
the displacement to the first free byte of the table: in other words, we assume that every table is 
partially filled and the block of data is to be moved into the unoccupied end of the selected table 
The required data movement may be illustrated as follows: 


Memory 
Address 


Salk CRSP 
oe 


CNT bytes, CNT/2 words. 


Memory Table TENO 
Address 


XXXK pee 
BYNO. 


oe i 


Here is the appropriate instruction sequence: 


LX! D.TABX ‘LOAD BASE ADDRESS OF TABLE INDEX 

LXI H;TBNO ;LOAD TABLE NUMBER INTO HL 

DAD iB) ‘COMPUTE ADDRESS OF TABLE BASE ADDRESS 
MOV E.M ‘LOAD TABLE BASE ADDRESS INTO DE ‘ 

INX H 

MOV D.M 

XCHG ;MOVE ADDRESS TO HL 

MOV EM ;LOAD DISPLACEMENT TO FIRST FREE BYTE INTO DE 
INX H 

MOV D.M 

DAD D ‘ADD TO HL, GIVING ADDRESS OF FIRST FREE BYTE 
LX D.CBASE —_;LOAD INPUT BUFFER BASE ADDRESS INTO DE 
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LDA CNT ;LOAD BYTE: COUNTER AND SAVE IN B 


MOV BA 
LOOP LDAX D :MOVE NEXT BYTE FROM MEMORY LOCATION 
MOV M.A ;ADDRESSED BY DE TO LOCATION ADDRESSED BY HU 
INX D INCREMENT SOURCE AND DESTINATION 
INX H ;ADDRESSES 
DCR B ‘DECREMENT BYTE COUNTER 
JNZ LOOP /RETURN FOR MORE BYTES 


SORTING DATA 


Both of the programming examples:we have described thus far simply move a block of data from 
one location to-another. Reorganizing data is also very important, therefore we will illustrate a 
sort routine. 

The sort,-as illustrated, takes a sequence of signed binary numbers, stored in contiguous. memory 
locations and reorganizes them in ascending order, so. that the smallest number comes first and 
the largest number comes last. 

The sort routine we are going to program uses a bubble-up algorithm. Consider a se- 
quence of numbers, where the label LIST identifies the address of the first number's storage loca- 
tion in memory. These are the necessary sort routine program steps: 


1) Start a pass at the beginning of the LIST, initialize a flag to indicate a | SORTING 
“no swap" condition DATA 


2). Compare a consecutive pair of numbers;-if the first number is smaller 
than the second number, do nothing; otherwise exchange the two numbers and set the flag 
to indicate ‘swap made”. 


3) Compare the address of the second number to the end of list address, identified by the label 
ENDL. If not at the end, increment so that the second number of the current pair becomes 
the first number of the next pair and return’to step 2. 


4) At the end of the list, check the “swap” flag? If any swap was made during the pass.’ return to 
step 1 to make another pass, 


5) If a pass is made with no swaps, all numbers are in order. Exit. 


As an example, consider the case where the numbers 1 through 10 are in reverse order. Nine ex- 
changes will be made during the first pass,.at the end of which the largest number will have been 
“bubbled up” to the top: 


START AFTER 1: PASS 
LIST 10 9 


o 


KH NWS AMNO 
PHPNWHTON 


ENDL 10 


Another eight passes will be needed to get all numbers in order, then a tenth pass is needed to 
get a “no swap” exit condition. 


SORT is implemented as a subroutine which is passed parameters in locations following: the 
subroutine call. Two parameters are specified. 


LIST the beginning address: of the data buffer containing numbers to be sorted: 
ENDL the ending address of the’ data buffer containing numbers to be sorted. 
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- Here is the sort program: 


CALL 
DW. 
DW 


SORT POP 


LOOP 1 MOV 
LOOP2 MOV 


SORT 1 MOV 


SORT 
LIST 
ENDL 


;CALLING SEQUENCE 
;ADDRESS OF START OF LIST 
:ADDRESS OF END OF LIST (ON SAME PAGE AS LIST) 


/UNSTACK RETURN ADDRESS INTO Hi 
‘LOAD LIST ADDRESS TO DE 


;LOAD LO BYTE OF ENDL ADDRESS TO C 


INCREMENT PAST HO BYTE OF ENDL: ADDRESS 
/STACK RETURN 


‘MOVE HO BYTE.OF LIST ADDRESS FROM D TO H 
-ZERO DASA “NO SWAP’-INDICATOR 


‘MOVE LO BYTE OF LIST ADDRESS FROME TO.L 


;LOAD 1ST-NUMBER OF PAIR. TO A 


ANCREMENT ‘LIST POINTER 


};COMPARE (SUBTRACT MEMORY FROM A) 
~<;SUMP. IF MINUS. {2ND: NUMBER-ALREADY > 1ST 


NUMBER 

‘MOVE 1ST.NUMBER TO B FROM.A 

-LOAB.2ND- NUMBER TOA 

/DECREMENT. TO-1ST NUMBER: LOCATION 

“STORE: 22ND NUMBER*FROM A 

INCREMENT ‘LISTPOINTER 

‘STORE 1ST: NUMBER:FROM B 

:LOAD-D WITH CONSTANT 1 ASA “SWAP MADE*™ FLAG 
‘MOVE LO BYTE OF ENDL ADDRESS TO A 

COMPARE WITH LO° BYTE OF LIST-ADDRESS IN-L 

‘LOOP. BACK IF NOT-AT END BYTE 

*DECREMENT. FLAG IN-D 

‘LOOP. BACK TO START LIST AGAIN IF-SWAP WAS MADE 
{RETURN 


ARITHMETIC 


Addition, subtraction, multiplication and division will be described under this 
group. Transcendental functions are complex enough to require entire text books devoted to the 
subject, so we will not even broach the subject. 


Even within the simple bounds of addition, subtraction,. multiplication and: division, there is a 
degree of latitude that exceeds. thescope of material: we. can cover. Significantly different 
algonthms are required depending upon the magnitude of the number, Binary and decimal 
arithmetic also require different algorithms. Therefore, for addition and subtraction, we will 
consider large or small binary or decimal numbers. For multiplication and division 
we consider small binary numbers only. 
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BINARY ADDITION 
First consider multibyte, binary addition. 


Two positive, integer numbers, each CNT bytes long, are.to be added. The number buffer starting 
addresses are given by BUF1 and BUF2. The answer is ta _be’stored in a buffer starting at BUF3. 


The multibyte addition may be illustrated as follows: 


DATA 
MEMORY. 


BUFA ~<e—_ Low order digit 
BUFA +1 
BURA ~ 2 
BUFB <—_ Low order digit 
BUFB 1 
BUFB - 2 
. 
1 
BUFC <—— Low order digit 
BUFC : | 
. 
t 
' 
t 
‘ 


= CNT Buffer length stored here 


This instruction sequence performs the illustrated addition: 


EEE LR, 


LDA CNT ;LOAD. BUFFER LENGTH AND SAVE IN C 
MOV CA 
LX! H,BUFC ‘LOAD. ANSWER:BUFFER: ADDRESS INTO H AND L 
PUSH H “SAVE ON THE STACK 
LXI D.BUFA ;LOAD- FIRST:BUFFER ADDRESS INTO D AND E 
LX| H,BUFB ;LOAD SECOND BUFFER ADDRESS INTO H AND L 
XRA A ;CLEAR CARRY 
LOOP LDAX D j\LOAD ‘NEXT BUF 1 BYTE 
ADC M ‘ADD NEXT BUF2 BYTE 
XTHL iSAVE IN NEXT ANSWER BUFFER BYTE 
MOV M.A 
DCX H INCREMENT BUFC ADDRESS 
XTHL 
DCX D INCREMENT BUF 1 ADDRESS 


DCX H ‘INCREMENT BUFB ADDRESS 
DCR Cc ‘DECREMENT COUNTER 
JNZ LOOP ;RETURN FOR MORE BYTES 


Multibyte addition is simpler if you can store the sum in one of the source buffers: 


DATA 
MEMORY 


BUFA ~— Low order digit 
BUFA +1 
BUFA +2 


BUFB Low order digit 
BUFB + 1 
BUFB + 2 


— CNT Buffer length stored here 


Here is the shorter instruction sequence: 


LDA CNT ‘LOAD BUFFER LENGTH AND SAVE IN C 
MOV CA 
LXI D,BUFA ‘LOAD FIRST BUFFER ADDRESS INTO DE 
LX H, BUFB ‘LOAD SECOND AND ANSWER BUFFER ADDRESS INTO HL 
XRA A ‘CLEAR CARRY 
LOOP LDAX D ‘LOAD NEXT BUFA BYTE 
ADC M ‘ADD NEXT BUFB BYTE 
MOV M.A ‘STORE ANSWER 
INX D ‘INCREMENT BUFA ADDRESS 
INX H INCREMENT. BUFB ADDRESS 
DCR C ‘DECREMENT BUFFER LENGTH 
JNZ LOOP /RETURN IF NOT END 


BINARY SUBTRACTION 


Because the 8080 has special subtraction instructions, binary subtraction is 
almost identical to binary addition. |n either subroutine. simply replace the ADC instruction 
with the SBB instruction and accurate binary subtraction will result. 


DECIMAL ADDITION 


Decimal addition is also very easy using an 8080 microcomputer. Simply insert a DAA in- 
struction to follow the ADC in sither of the binary addition programs and you have decimal 


addition: 

LOOP LDAX D LOAD NEXT BUF1 BYTE 
ADC M ‘ADD..NEXT:-BUF2 BYTE 
DAA ‘DECIMAL ADJUST RESULT 


XTHL “SAVE IN NEXT ANSWER BUFFER BYTE 


One caution, however: the decimal addition routine you create assumes that 
valid binary coded decimal data is stored in your source buffers. |f, in error. you have 
invalid data in either of your source buffers, you will generate a meaningless answer —~ and not 
know it. 


lf your program is one which cannot-guarantee’ that data in source buffers is valid binary coded 
decimal, then you must write a routine to check buffer contents and insure that.no high or low 4- 
bit unit within any byte contains a binary code of A:through F. 


DECIMAL SUBTRACTION 


Decimal subtraction is complicated somewhat by the fact that you cannot use the 
8080 subtract instructions; these instructions only work for binary data, since they automat- 
ically generate the two's complement of the subtrahend. As described in ‘An Introduction To 
Microcomputers’, Volume !, binary. coded.decimal subtraction requires that you take the ten’s 
complement of the subtrahend. 


Let us return to the shorter binary addition program and create, in its place, a 
decimal subtraction equivalent; here is the appropriate memory map: 


DATA 
MEMORY 


MINU <— Low order digit 
MINU + 1 
MINU + 2 


SBTRA i——-—_ Low order digit 
SBTRA +1 
SBTRA +2 


CNT Buffer length stored here 


II 
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Here is the required instruction sequence: 


DSUB: Lx! D,MINU D AND E.ADDRESS MINUEND 
LXl H,SBTRA. :H AND L ADDRESS SUBTRAHEND 
LDA CNT ‘LOAD BUFFER LENGTH AND SAVE 
MOV CA INC 
STC ‘SET CARRY INDICATING NO BORROW 
LOOP: MVI A,99H ‘LOAD ACCUMULATOR WITH 99H 
ACI 0 :ADD ZERO WITH CARRY 
SUB M :PRODUCE NINES COMPLEMENT OF SUBTRAHEND 
XCHG ‘SWITCH D AND E WITH H.AND L 
ADD M -ADD MINUEND 
DAA :DECIMAL: ADJUST ACCUMULATOR 
XCHG ;RESWITCH D AND E WITH H AND L 
MOV M.A ‘STORE RESULT 
INX D ‘ADDRESS NEXT BYTE OF MINUEND 
INX H ‘ADDRESS NEXT BYTE OF SUBTRAHEND 
DCR Cc ;DECREMENT BYTE COUNT 
JNZ LOOP. ;GET NEXT 2 DECIMAL DIGITS 
DONE: NOP 


MULTIPLICATION AND DIVISION 


Multiplication and division must be approached with an element of caution within 
microcomputer systems. These are operations which are unsuited to the organization of a 
microcomputer; any nontrivial multiplication or division can take so long to execute .that it will 
severely degrade: overall performance. If your microcomputer application is going. to 
make extensive use of multiplication, division or transcendental functions, you 
should seriously consider using one of the many calculator/arithmetic chips that 
are now commercially available. Transferring complex arithmetic to such a chip can make 
the. difference between a microcomputer system being viable or nonviable in your application. 


You: ean implement simple multiplication. and division in microcomputer systems that do not 
make.extensive,; or time-consuming use of these routines; therefore we will describe some sim- 
ple: program Sequences. 


8-BIT BINARY MULTIPLICATION 


Consider the multiplication of two-unsigned, 8-bit data values, to generate a 16- 
bit product. The simplest way of performing this-multiplication is to add the multiplier to O the 
number of’ times.given by the multiplicand. For example, you can multiply 4 by 3 if youadd 
4 to 0 three times: 


MVI A.0 ;CLEAR AB TO INITIALIZE ANSWER 
Mov BA /BUFFER 
CMP DB ‘TEST FOR O IN D 
RZ ‘IF 0, ANSWER IS 0 SO END 
LOOP ADD E ‘ADD MULTIPLIER. TO. LOW ORDER ANSWER BYTE 
JNC NEXT sIF CARRY IS SET, INCREMENT B 
INR B 
NEXT: DCR D ;DECREMENT MULTIPLICAND 
JNZ tOOP ‘IF NOT ZERO, RETURN TO ADD. AGAIN 
RET 


There is a faster way of executing multiplications. We can use the fact that a bin- 
ary digit is limited to having values of 0 or 1; this means that at the single digit 
fevel, multiplication degenerates to addition or no addition. 
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Let us explain this concept; using common decimal notation, consider the following 
multiplication: 


142 Multiplicand 
x 307, Multiplier 
42600 
0000 Partial Product 
994 
43594 Product 


142. = Multiplier 
307 = Multiplicand 


Add.7 x Multiplier to product 
Shift Multiplier two. digitsJeft, then 
multiply: by 3-and add: to product 


Each partial product equals the multiplicand being multiplied by one digit of the multiplier. The 
partial product is shifted to the left-by tacking on O's to the right. The number.of 0's tacked on to 
the right.is equal to-the number of digits to the right of the current multiplier. digit: 


142 
3xx 


42600 


Two-Os tacked on since there-are two digits to the right of 3 
142x3 


We can extend this same concept to binary arithmetic; in which case the problem becomes very 
simple, ‘since no binary digit can have a value other than-0 or 1, This being the case, you have 
only two choices:, wherever a multiplier digit is‘0,-you do-not.add the shifted multiplicand to the 
answer: but if the multiplier digit is 1 you do add the shifted multiplicand to the answer. Here is an 
example: 


1014.01 0-1 = Multiplicand (M) 
01101104. = Multiplier 


Add M to product 
Shift M two digits left and add 
Shift M three digits feft and add 
Shift M ‘five digits left and add 
Shift M six digits left and add 


Product = 1071701701 
101:10170 700 

1410001001 

10110101000 
100100110001 
»10171010100000 
1111171010001 
107110101000000 


1001.10100010001 
yr a 
4 D 1 1 


1017110101 x01101101-=0100110100010004 
1 


Using the ‘‘shift-and-add"’ technique, the following steps will multiply a one-byte 
multiplicand by a one-byte multiplier to produce the correct two-byte result: 


a) Test the least significant bit of the multiplier. If zero, go to Step b. If one, add the multiplicand 
to the most significant byte of the result. 


b) Shift the entire two-byte result right one bit position. 
c) Repeat Steps a and b until all 8 bits of the multiplier have been tested. 
Consider B5 * 6D, the binary multiplication we just illustrated: 


Multiplier = 01101101 
Multiplicand = 10110101 


RESUL 
HIGH. ORDER LOW ORDER 
BYTE BYTE 
Start 00000000 o0000000 
Step 1 (a) 1 0. 440-1-0°1 0:0 00 0 0°0:0 
i -(b) 1 10 10000000 
Step 2 (a,b) ( POst-1 041 100000 ¢ 
Step 3 (a) ( 0°1.0") 
1E100010 6100000 ¢ 
3 (b 0.1 rOo00) 00100000 
Step 4 (a i } { 
mt ) 0.0. 1-10 0.100:0:00 
4 (b) 10°0.)-050-1° 1 00010000 
Step 5. fab) ( ox 004 000 10:0:0 
Step 6 (a) Ors? O08 
TTT)? ?T?1o fo00 10 
6 (i ¢ 1 1000100 
Step 7 (a 
7 
Step-8 lat 


We will now write a program to implement this multiplication algorithm. 


The B register will hold the most significant byte of the result, and the C register will hold the least 
significant byte of the result 
The 16-bit right shift of the result is performed by two rotate-right-through-carry instructions as 
follows: 

Rotate B: 


Then rotate C to complete the shift 
B 3 


i The program uses the B and C regi toh 
respectively; the D register holds the ‘divisor 


d “ROTATE MOST SIGNIFICANT BIT TO 

HIGH ORDER QUOTIENT 

SUBTRACT DIVISOR. IF LESS THAN 
“HIGH ORDER QUOTIENT. GO TO DIVO 
OTHERWISE ADD IT BACK BS: 


ae a a 


16-BIT BINARY MULTIPLICATION 

Now consider the multiplication of two 16-bit numbers, yielding a 32-bit result. 
This is the algorithms used: 

1) Shift the multiplier (HO 16 bits) and partial product (LO. 16 bits) left through: the carry 


2) Add the 16-bit multiplicand to three. bytes:of the partial product if-a one. bit was shifted out of 
the multiplier into the carry 


Here are the necessary instructions: 


MPY LXI H,0 INITIALIZE PARTIAL: PRODUCT IN-HL.TO ZERO 
MV A.16 ANITIALIZE COUNT 
LOOP DAD H ‘ADD: HL. TO HE -- LEFT ‘SHIFT. LOGICAL INTO:CARRY 
XCHG ‘EXCHANGE HL AND DE 
JC MPY 1 JUMP. IF CARRY OUT FROM: HL 
DAD H {NO CARRY =~ SHIFT MULTIPLIER LEFT LOGICAL INTO CAR 
RY 
JMP. MPY2 JUMP. 
MPY1 DAD H ;CARRY-SHIFT MULTIPLIER LEFT: LOGICAL INTO. CARRY 
INX H ;AND: INCREMENT. 
MPY2 XCHG :REPOINT- TO:PARTIAL. PRODUCT 
JNC MPY3 JUMP IF-NO- ADD (MULTIPLIER’BIT IN: CARRY =0) 
DAD B “ADD: MULTIPLICAND IN BC TO PARTIAL PRODUCT IN HL 
JNC MPY3 JUMP. IF NO CARRY OUT 
INX D ‘INCREMENT DE TO. ADD CARRY. 
MPY3 DCR A ;DECREMENT COUNT 
JNZ LOOP ;LOOP BACK IF NOT ZERO 
RET sRETURN 


BINARY DIVISION 


Consider simple 8-bit division. B3,, divided by 15,, may be illustrated as follows: 


1000 ~—— Quotient 
Diviso. ———— 10101 10110011 << Dividend 
10101 
1011 


The result is 8, with a remainder of Byg. 


The division algorithm works by shifting the dividend left into a register that is in- 
itially cleared. Whenever the dividend shift buffer contents exceeds the divisor, 
the divisor is subtracted from the shift buffer contents and a binary 1 digit is in- 
serted into the appropriate quotient bit position. 


Consider the following register assignments 


Dividend 
Dividend " 
et See at BO 
Bit Counter SS a Divisor 
initially 
Eee Quotient 


Initially assume that the divisor is in Register E and the dividend is in Register C. The quotient will 
be generated in Register L. Here is the division program which results: 


ANITIALLY CLEAR REGISTERS A,B, L AND CARRY 


XRA A “EXCLUSIVE OR A WITH:ITSELF. THIS. CLEARS A. 
MOV BA -CLEAR B 
MOV. LA ;CLEAR L 
INITIALIZE BIT. COUNTER IN REGISTER C 
MVI C,80H 


SHIFT B AND.C, ASA 16-BIT UNIT, ONE BIT LEFT 
LOOP MOV. A.C 


RAL 

I MOV CA 
MOV AB 
RAL 
MOV BA 


‘COMPARE DIVISOR (IN E) WITH-DIVIDEND. SHIFT BUFFER, 
‘CURRENTLY STILL IN A 
CMA E 
JC NEXT IF DIVISOR IS LARGER. BYPASS SUBTRACT 
:DIVISOR IS SMALLER, SUBTRACT FROM 
:/DIVIDEND SHIFT BUFFER 
SUB E 
MOV BA 
sSET TO.1. CURRENT BIT OF L. THE CURRENT BIT IS 
‘THE 1 BIT POSITION IN D 


MOV A.D 
ORA L 
MoV LA 


‘SHIFT D RIGHT ONE BIT POSITION AND CLEAR CARRY 
NEXT MOV A.D 


RRC 
JNC LOOP ‘AF CARRY IS NOT. SET,-RETURN FOR NEXT BIT 
At the end; the quotient will be in-L; while the remainder is in B 


PROGRAM EXECUTION SEQUENCE LOGIC 


THE JUMP TABLE 


There is really only one program sequence that needs to be described under this 
heading: it is the Jump Table. 


Remember that the 8080 instruction set is rich in conditional instructions; Jump, 
Call and Return instructions all have “eight conditional: variations, which means. that. special 
routines. are not required when your logic Ccan.go one of two-ways only. 


When you have three or more options, the Jump Table becomes an effective pro- 
gramming tool. 
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At the heart of a Jump Table there will be a sequence of 16-bit addresses stored in pairs of con- 


tiguous memory bytes: 

DATA These are execution 

MEMORY addresses for different 

programs which the 

Je } ‘Rekirece4 microcomputer may execute 
} Address 2 
} “Address 3 
} Address 4 
} Address 5 
} Address 6 


etc 


We will presume that these contiguous memory addresses represent the starting addresses for a 
number of different programs. Assuming that the required program is Ventified by a program 
number in the Accumulator, the following instruction sequence causes execution to 
branch to the program whose number is stored in the Accumulator: 


JUMP TABLE PROGRAM 


LX! H,JTBL ;LOAD JUMP TABLE BASE ADDRESS IN HL 
RLC ‘MULTIPLY ACCUMULATOR BY 2 

ADD L :-ADD LOW ORDER ADDRESS BYTE TO A 
MOV LA ‘RESTORE SUM TO.L 

MVI AO ‘ADD CARRY (IF ANY) TO'H 

ADC H 

MOV H.A 

MOV E.M ‘HL ADDRESSES REQUIRED ADDRESS 
INX H ‘LOAD REQUIRED ADDRESS INTO D,E 
MOV D.M 

XCHG ;MOVE ADDRESS FROM DE.TO.HL 

PCHL -MOVE ADDRESS FROM HL. TO. PC 
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APPENDIX A 
STANDARD CHARACTER CODES 


ASCII EBCDIC Hexadecimal ASCII 
(7 bit) (8 bit) Representation (7bit) 
31 


Hexadecimal 
Representation 


CMON WOR WNH = 


TMOOWPOMNAOSBWN+O0 


blank 


-4oN<XXS<SCHYDO VOZErAC-LAAMVAA>Hs~ 


EBCDIC 
(8 bit) 


blank 


mM - +H. 


~—~ #AH— 


APPENDIX A (continued) 


EBCDIC Hexadecimal ASCII 
(8 bit) Representation (7bit) 
b 97 


Hexadecimal 
Representation 


EBCDIC 
(8 bit) 


a33-7*--70 +7020 


Nx x*S < Cem 


—-Zran mmMoOODDYD 


A-2 


<a OO ~ _~— - 
"as. fF 22 — 2 Ree 


= ss PE * 
= : 
bod -— = LG : : 
. 


= + 2 ae eee 


sect 
= —— 

eee 
ed . 
econ x 

oe 

5 = ‘ 
a 2 
= Sa ee 


